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ABSTRACT 

1 

t 

, 

S i x  new h i g h l y  ha logenated  po lyure thanes ,  t v o  new p o l y e t h e r s ,  two new 
p o l y c a r b o n a t e s ,  and one new p o l y e s t e r  have been s y n t h e s i z e d .  I n  a d d i t i o n ,  
f i v e  po lyure thanes  prepared  p rev ious ly  were s y n t h e s i z e d  a g a i n .  Most of 
t h e s e  polymers were t e s t e d  f o r  l i q u i d  oxygen (LOX) c o m p a t i b i l i t y .  

The r e s u l t s  i n d i c a t e  t h a t  u re thanes  based on 1,l-dihydroperfluoroalcohols 
a r e  s t a b l e  t o  impact i n  LOX i f  t h e  n i t r o g e n  atom i s  a l s o  a t t a c h e d  t o  a 1, l-  
d i h y d r o p e r f l u o r o a l k y l  c h a i n ,  bu t  lack  LOX s t a b i l i t y  i f  a t t a c h e d  t o  a non- 
f l u o r i n a t e d  a l k y l  c h a i n  o r  a benzy l  methylene group.  

The r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  specimen t h i c k n e s s  seems t o  have no 
e f f e c t  on t h e  LOX s e n s i t i v i t y  of compat ib le  po lyu re thanes .  

A new p o l y e t h e r  from chloropentafluoroisopropyl a l c o h o l  was LOX 
compat ib le .  Po lyca rbona te s  and n o n f l u o r i n a t e d  a romat ic -based  p o l y e s t e r s  were 
shown t o  be LOX incompat ib le .  

Three  i n t e r e s t i n g  p o l y e t h e r  systems were s y n t h e s i z e d  which show r e a l  
promise of be ing  conve r t ed  i n t o  hydroxyl - te rmina ted  prepolymers .  These poly-  
e t h e r s  were prepared  from hexafluorobenzene and h x a f l u o r o p e n t a n e d i o l ,  from 
chloropentafluoroisopropyl a l c o h o l ,  and from t h e  r e a c t i o n  of a f l u o r o a l k y l  
po lyca rbona te  w i t h  s u l f u r  t e t r a f l u o r i d e .  

P r e p a r a t i o n s  and s y n t h e t i c  s t u d i e s  were c a r r i e d  out  on a number of 
a d d i t i o n a l  monomers and i n t e r m e d i a t e s .  
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TABLE OF CONTENTS 

S ec t i on Page 

I SUMMARY. .  . . . . . . . . . . . . . . . . . . . . . . . .  1 

I1 INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . .  3 

111 DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . .  5 

A .  Liquid Oxygen Compatibility . . . . . . . . . . . . . .  5 

B. Polyurethanes . . . . . . . . . . . . . . . . . . . . .  7 

1. From Hexafluoropentanediol. . . . . . . . . . . . .  7 

2. From Tetraf luoro-p-Hydroquinone . . . . . . . . . .  11 

3. From Hydroxyl-Terminated Polyethers . . . . . . . .  12 

4. From Hydroxyl-Terminated Polycarbonates . . . . . .  15 

5. Thermal Stability of Polyurethanes. . . . . . . . .  16 

C. Polycarbonates. . . . . . . . . . . . . . . . . . . . .  16 

D. Polyethers. . . . . . . . . . . . . . . . . . . . . . .  20 

1. Polyethers from Hexafluoropentanediol . . . . . . .  20 

2. Polyethers from Chloropentaf luoro- 
isopropyl Alcohol 35 . . . . . . . . . . . . . . . . .  

3. Poly(perfluoropropy1ene oxide). . . . . . . . . . .  41 

41 

1. Tetrafluoro-p-phenylene Bischloroformate. . . . . .  41 

E. Monomers. . . . . . . . . . . . . . . . . . . . . . . .  

2.  Tetrachloro-p-xylylene u Y u ' -  
D i is ocyana t e .  42 

3 .  Pentafluoroaniline. . . . . . . . . . . . . . . . .  42 

. . . . . . . . . . . . . . . . . . .  

4 .  Tet ra f luo ro -m-pheny lened iamine .  . . . . . . . . . .  43 

6. 1,5-Diiodohexafluoropentane . . . . . . . . . . . .  43 

\ 

5 . Tetra fluor o-m-p henyl ene D i is oc yana t e . . . . . . . .  43 

iv 



TABLE OF CONTENTS (Continued) 

Page - 5 ect ion 

I11 (Continued) 

7.  Attempted Preparation of Hexafluoropenta- 
methylene Di isocyanat e. 44 . . . . . . . . . . . . . .  

8. Attempted Preparation of Octafluoro- . . . . . . . . . . . . . . . . . . . .  44 hexanediamine 

9. Attempted Preparation of Hexafluoro- 
pimelic Acid. 44 . . . . . . . . . . . . . . . . . . .  

10. Attempted Preparation of 4,4,5,5,6,6- 
Hexa fluor onona . 1,8-d iyne 45 . . . . . . . . . . . . . .  

11. Attempted Reaction of 1,5-Diiodohexafluoro- 
pentane with Sodium Methoxide . . . . . . . . . . .  45 

12. Attempted Preparation of 3,3,4,4,5,5,6,6,7,7- 
46 Decaf luoroazelaic Acid. . . . . . . . . . . . . . .  

13. Attempted Preparation of Hexafluorochloretone . . .  47 

14. Monoaceta 1 of Hexaf luoropentanediol and 
48 D i hydr opyran . . . . . . . . . . . . . . . . . . . .  

15. Attempted Preparation of Octafluoro-1,5- 
D ibr omopent a ne. 49 . . . . . . . . . . . . . . . . . .  

16. Perfluoropenta-174-diene. . . . . . . . . . . . . .  50 

17. 50 

18. Monosodium Salt of Hexafluoropentanediol. . . . . .  51 

C hlor opent a f luor o is opr opy 1 A lc ohol . . . . . . . . .  

19. Chloropenta f luoroisopropyl-3 -is ocyanat o- 
52 tetrafluorophenyl Carbamate . . . . . . . . . . . .  

20. 2,3,3,3-Tetrafluoropropene. . . . . . . . . . . . .  52 

21. Attempted Preparation of 2,3,3,3-Tetrafluoro- 
1,2 -epoxypropane. 53 . . . . . . . . . . . . . . . . .  

22. Attempted Prepara t ion of 3,3,3 -Tri f luor 0-2 - 
(trif luoromethyl) -172-epoxypropane. . . . . . . . .  53 

23. Perf luoro- 1,2 -epoxypropane. . . . . . . . . . . . .  54 

V 



TABLE OF CONTENTS (Continued)  

S e c t i o n  
I11 (Continued) 

24 . Attempted P r e p a r a t i o n  of Perf luoro.2.1 0. 
dimethyl.3. 9.dioxaundecanedioyl F l u o r i d e  . . . . . .  

25 . N . N ' -D i -pen t  a f luoropheny 1 P e r f  l uo ro -  
g l u t  aramide . . . . . . . . . . . . . . . . . . . .  

26 . Attempted P r e p a r a t i o n  of  N.N'.Di.pent a. 
f l uo ropheny l  Hexafluoropentanediamine . . . . . . .  

27 . Attempted Dehydro f luo r ina t ion  of Vi ton  LM . . . . .  
I V  EXPERIMENTAL . . . . . . . . . . . . . . . . . . . . . . . .  

A . LOX C o m p a t i b i l i t y  R e s u l t s  . . . . . . . . . . . . . . .  
B . Polyure thanes  . . . . . . . . . . . . . . . . . . . . .  

1 . From Hexaf luoropentanedio l  . . . . . . . . . . . . .  
2 . From T e t r a f  luorohydroquinone . . . . . . . . . . . .  
3 . From Hydroxyl-Termina ted  P o l y e t h e r s  . . . . . . . .  
4 . From Hydroxyl-Terminated Po lyca rbona te s  . . . . . .  

C . Polycarbonates  . . . . . . . . . . . . . . . . . . . . .  
1 . I s o l a t i o n  and C h a r a c t e r i z a t i o n  of  

Poly(tetraf1uoro-p-phenylene c a r b o n a t e )  . . . . . .  
2 . P r e p a r a t i o n  of Poly(hexafluoropentamethy1ene 

Tetraf luoro-p-phenylene  ca rbona te )  . . . . . . . . .  
D . Polye t  hers  . . . . . . . . . . . . . . . . . . . . . . .  

1 . Polye the r s  from Hexaf luoropentanedio l  . . . . . . .  
2 . Polymer i za t ion  of  Ch lo ropen ta f luo ro -  

i sop ropano l  . . . . . . . . . . . . . . . . . . . .  
3 . Attempted Po lymer i za t ion  of P e r f l u o r o -  

1.2.epoxypropane . . . . . . . . . . . . . . . . . .  

Page 

54 

55 

55 

5 6  

57 

57 

57 

57 

63 

64 

68 

68 

68 

68 

70 

70 

91 

95 

t 

v i  



TABLE OF CONTENTS (Cont inued) 

t 

Sect ion 
IV (Continued) 

Page 

E. Monomers . . . . . . . . . . . . . . . . . . . . . . . . 97 

1. Preparation of Tetrafluoro-p-phenylene- 
bischloroformate. . . . . . . . . . . . . . . . . 97 

2. Preparation of Tetraf luoro-p-phenylene- 
bis (N-methylanilino carbamate). . . . '. . . . . . . 98 

3 .  preparation of Tetrachloro-p-xylylene- 
a,a'-diisocyanate . . . . . . . . . . . . . . . . . 98 

4. Preparation of Pentafluoroaniline . . . . . . . . . 101 

5. Preparation of Tetrafluoro-m-phenylene. , . . . . . 101 

6. Preparation of Tetrafluoro-m-phenylene 
Diisocyanate. . . , . . . . . . . . . . . . . . . 103 

7. Preparation of 1,5-Diiodohexafluoropentane. . . . . 105 

8. Attempted Preparation of Hexafluoropenta- 
methylene Diisocyanate. . . . . . . . . . . . . , . 105 

9. Attempted Reduction of Perfluoroadipamide . . . . . 107 

10. Attempted Preparation of Hexafluoropimelic 
Acid.. . . . . . . . . . . . . . . . . . . . . . . 107 

11. Attempted Preparations of 1,5-Dicyano- 
2,2,3,3,4,4-hexafluoropentane . . . . . . . . . . . 107 

12. Attempted Preparation of 4,4,5,5,6,6- 
Hexa f luoro -nona - 1 , 8-d iyne . . . . . . . . . . . . . LO8 

13. Attempted Reaction of 1,5-Diiodohexafluoro- 
pentane with Sodium Methoxide . . . . . . . . . . . 108 

14. Attempted Preparation of Diethyl-3,7-diketo- 
4,4,5,5,6 , 6-hexa f luoroazelat e . . . . . . . . . . . 109 

15. Attempted Preparation of Diethyl-2,8- 
d icarbet hoxy-3 , 7 -d iket o-4,4 , 5 ,5 , 6 , 6 - 
hexafluoroazelate . . . . . . . . . . . . . . . . . 109 

16. Preparation of Diethyl-2,2,8,8-tetracarbo- 
et hoxy-3 , 7-d iket o-4,4 ,5 , 5 , 6,6 -hexa f luor o- 
azelate . . . . . . . . . . . . . . . . . . . . . . 109 

vii 



TABLE OF CONTENTS (Continued) 

Sect ion 
IV (Continued) 

Page 

17. Attempted Preparation of 2,2,2-Trichloro- 
1 , 1-di (trif luoromet hyl) Ethanol (Hexafluoro- 
chloretone) . . . . . . . . . . . . . . . . . . . . 110 

18. Preparation of the Monoacetal of Hexafluoro- 
pentanediol and Dihydropyran. . . . . . . . . . . . 111 

19. Attempted Preparation of lY5-Dibromo- 
1 , 1,2,3 , 3,4 , 5 ,5  -oct af luoropent ane . . . . . . . . . 11 1 

20. Preparation of Perfluoropenta-lY4-diene . . . . . . 113 

21. Preparation of Monochloropentafluoro- 
isopropyl Alcohol . . . . . . . . . . . . . . . . . 114 

22. Attempted Dehydrochlorination of Chloropenta- 
f luoroisopropyl Alcohol . . . . . . . . . . . . . . 114 

23. Preparation of the Monosodium Salt of 
Hexaf luoropentanediol . . . . . . . . . . . . . . . 116 

24. Preparation of Chloropentafluoroisopropyl- 
3 - i s o c y a n a t o - t e t r a f l u o r o p h e n y l  carbamate. . . . . . 118 

25. Preparation of 2,3,3,3-Tetrafluoropropene . . . . . 118 

26 . ,  Attempted Preparation of 2,3,3,3-Tetra- 
fluoro-1,2-epoxypropane . . . . . . . . . . . . . . 118 

27. Attempted Preparation of 3,3,3-Trifluoro- 
2-(trifluoromethy1)-ly2-epoxypropane. . . . . . . . 120 

28. Preparation of Perfluoro-1,2-epoxypropane . . . . . 121 

29. Preparation of Perfluoroglutaryl Fluoride . . . . . 121 

30. Attempted Preparation of Perfluoro-2,lO- 
dimet hy1-3,9-dioxaundecenedioyl Fluoride. . . . . . 121 

31. Preparation of N,N'-Di-pentafluorophenyl- 
perfluoroglutaramide. . . . . . . . . . . . . . . . 123 

32. Attempted Preparation of N,N'-Di-pentafluoro- 
phenyl-hexaf luoropent anediamine . . . . . . . . . . 123 

33. Attempted Dehydrofluorination of Viton LM . . . . . 124 

viii 



TABLE OF CONTENTS (Continued) 

Sec t ion  Page 

V CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . .  126 

V I  RECOMMENDATIONS FOR FUTURE WORK . . . . . . . . . . . . . .  128 

V I 1  REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . .  129 

ix 



LIST OF ILLUSTRATIONS 

Figure Page 

1 Thermogram of Poly(hexafluoropentamethy1ene 
hexa f luo ropen tame thy lene  dicarbamate) in Air . . . . . . . .  17 

2 Thermogram of Poly (hexaf luoropent amethylene 
hexafluoropentamethylene dicarbamat e) in 
Helium . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

3 Thermogram of Poly(tetraf1uoro-p-phenylene 
hexafluoropentamethylene dicarbamate) in Air . . . . . . . .  18 

4 Thermogram of Poly(tetraf1uoro-p-phenylene 
hexa f luo ropen tame thy lene  dicarbamate) in 
Helium . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

5 Thermogram of Poly(tetraf1uoro-p-phenylene 
tetrafluoro-m-phenylene dicarbamate) in Air. . . . . . . . .  19 

6 Thermogram of Poly(tetraf1uoro-p-phenylene 
tetrafluoro-m-phenylene dicarbamate) in Helium . . . . . . .  19 

7 Thermogram of Poly(tetraf luoro-p-phenylene 
2 1  carbonate) in Air. . . . . . . . . . . . . . . . . . . . . .  

Y 

8 Thermogram of Poly (t et r a fluor o- p- phenyl ene 
21 carbonate) in Helium . . . . . . . . . . . . . . . . . . . .  

9 Thermogram of Poly (t et r a fluor o -p-pheny lene 
hexafluoropentamethylenecarbonate) in Air . . . . . . . . .  22 

10 Thermogram of Poly(tetraf1uoro-p-phenylene 
hexafluoropentamethylene carbonate) in Helium. . . . . . . .  22 

11 Thermogram of Polyether of Hexaf luoropentane- 
diol and Hexafluorobenzene in Air. . . . . . . . . . . . . .  27 

12 Thermogram of Polyether of Hexafluoropentane- 
diol and Hexafluorobenzene in Helium . . . . . . . . . . . .  27 

13 Thermogram of Polyether from Chloropentafluoro- 
isopropyl Alcohol (Sodium Salt of Hexafluoropentane- 
diol Initiated) in Air . . . . . . . . . . . . . . . . . . .  39 

14 Thermogram of Polyether from Chloropentaf luoro- 
isopropyl Alcohol (Sodium Salt of Hexaf luoro- 
pentane diol Initiated) in Helium. . . . . . . . . . . . . .  39  

X 



LIST OF ILLUSTRATIONS (Continued) 

Page 

t 

, 

15 Poly(hexaf luoropentamethylene hexaf luoro- 
pentamethylene dicarbamate) 11. Film . . . . . . . . . . . .  59 

16  Poly(hexafluoropentamethy1ene tetrachloro- 
p-xylylene dicarbamate) V. Potassium Bromide 
Pellet . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

17 Poly(tetraf1uoro-p-phenylene hexafluoro- 
pentamethylene dicarbamate).NujolMull . . . . . . . . . . .  65 

18 Poly(tetraf1uoro-p-phenylene carbonate). 
Nujol Mull . . . . . . . . . . . . . . . . . . . . . . . . .  6 9  

19 Poly(hexafluoropentamethy1ene tetrafluoro-p- 
phenylene carbonate)=Nujol Mull. . . . . . . . . . . . . . .  71 

2 0  5-Hydroxy-hexafluoropentoxy Pentafluorobenzene . . . . . . .  75 

2 1  Polyether of Hexafluoropentanediol and Hexa- 
f luorobenzene Cont a ining both Hexa f luoropent ane- 
diol and Hexafluorobenzene End Groups. . . . . . . . . . . .  7 9  

22 Pentafluorophenyl-Terminated Polyether of 
Hexafluoropentanediol and Hexafluorobenzene. . . . . . . . .  82 

23 Polyether of Hexafluoropentanediol and 
Perf luor obut ad iene . . . . . . . . . . . . . . . . . . . . .  87 

24 Ether of Hexafluoropentanediol and Perfluoro- 
pent ad iene . . . . . . . . . . . . . . . . . . . . . . . . .  89 

25 Polyether from Chloropent a f luoroisopropyl 
Alcohol.Sodium Hydroxide Initiated . . . . . . . . . . . . .  92 

2 6  Polyether from Chloropentafluoroisopropanol. 
Monos odium Sa 1 t o f Hexa fluor op ent aned io1 
Initiated . . . . . . . . . . . . . . . . . . . . . . . . . .  96 

2 7 Te t ra f luor o -p - phenyl ene - b is chl or o f orma t e in 
Carbon Tetrachloride . . . . . . . . . . . . . . . . . . . .  99 

2 8  Tetraf luoro-p-phenylene-bis (N-methylanilino 
carbamate). Nujol Mull . . . . . . . . . . . . . . . . . . .  100 

29 Tetrachloro-p-xy.lylene a,a'-Diisocyanat e - 
Carbon Tetrachloride Solution. . . . . . . . . . . . . . . .  102 

xi 



LIST OF ILLUSTRATIONS (Continued) 

Figure Page 

30 Tetrafluoro-m-phenylene Diisocyanate . . . . . . . . . . . .  104 

31 1,5-Diiodohexafluoropentane - Melt . . . . . . . . . . . . .  106 
32 Monoacetal of Hexafluoropentanediol and 

Dihydropyran . . . . . . . . . . . . . . . . . . . . . . . .  112 

3 3  Perf luoropenta -1,4.-d iene . . . . . . . . . . . . . . . . . .  115 

34 2,3,3,3-Tetrafluoropropene . . . . . . . . . . . . . . . . .  1 1 9  

35 Perfluoroglutaryl Fluoride in Carbon 
Disulfide. . . . . . . . . . . . . . . . . . . . . . . . . .  122 



LIST OF TABLES 

Tab l e  - Page - 
1 LOX Compatibility Results . . . . . . . . . . . . . . . . . .  58  

2 Effect  of Stoichiometry on the Molecular Weight 
of Polyet her of Chloropenta fluoroisopropanol . 
Sodium Hydroxide I n i t i a t e d .  . . . . . . . . . . . . . . . . .  93 

3 Effect of Stoichiometry on the Molecular Weight 
of Palyether of Chloropentafluoroisopropanol. 
Monosodium S a l t  of Hexafluoropentanediol 
I n i t i a t e d . .  . . . . . . . . . . . . . . . . . . . . . . . .  95 

x i i i  



I. SUMMARY 

The purpose of t h i s  i n v e s t i g a t i o n  i s  t o  deve lop  s t r u c t u r a l  adhes ive  
sys tems s u i t a b l e  f o r  u s e  i n  c o n t a c t  w i t h  l i q u i d  oxygen (LOX). The scope of 
t h e  work i n c l u d e s  t h e  p r e p a r a t i o n  of a v a r i e t y  of h i g h l y  halogenated polymers,  
w i t h  major  emphasis placed on polyure thanes .  

The LOX c o m p a t i b i l i t y  r e s u l t s  ob ta ined  on polymers s e n t  t o  George C .  
M a r s h a l l  Space F l i g h t  Center  (MSFC) show t h a t  t h e  u r e t h a n e  l i n k a g e  f lanked  on 
t h e  a l c o h o l  s i d e  by a 1,l-dihydroperfluoroalkyl c h a i n  i s  s t a b l e  t o  impact i n  
LOX if t h e  n i t r o g e n  atom is  a l s o  a t t a c h e d  t o  a 1,l-dihydroperfluoroalkyl 
c h a i n ,  b u t  n o t  i f  i t  i s  a t t a c h e d  t o  a n o n f l u o r i n a t e d  a l k y l  c h a i n  o r  a benzyl  
methylene group.. Another c o n c l u s i o n  drawn from t h e  r e s u l t s  i s  t h a t  t h e  t h i c k -  
n e s s  of  t h e  specimens t e s t e d  seems t o  have no  e f f e c t  on t h e  LOX s e n s i t i v i t y  
of t h o s e  f l u o r i n a t e d  polyure thanes  t h a t  a r e  t r u l y  LOX compatible .  A promising 
new p o l y e t h e r ,  p repared  from chloropentafluoroisopropyl a l c o h o l  , is  LOX 
compat ib le .  Two t y p e s  of  polymers have been shown t o  b e  LOX incompat ib le ,  
po lycarbonates  and n o n f l u o r i n a t e d  aromatic-based p o l y e s t e r s .  

High and low molecular  w e i g h t ,  hydroxyl- terminated polyure thanes  were 
s y n t h e s i z e d  from hexaf luoropentamet hylene b i s c h l o r o f o r m a t e  and hexaf luoro-  
1 ,5-pentane4iamine.  Polyure thanes  were a l s o  prepared by r e a c t i o n  of  hexa- 
f l u o r o p e n t a n e d i o l  w i t h  te t raf luoro-m-phenylene d i i s o c y a n a t e  and t e t r a c h l o r o -  
p-xyly lene  d i i s o c y a n a t e s .  The r e a c t i o n s  of tetrafluoro-p-hydroquinone w i t h  
te t ra f luoro-m-phenylene  d i i s o c y a n a t e  and of te t ra f luoro-p-phenylene  b i s c h l o r o -  
format e w i t h  hexa f l u o r  0- 1 , 5  -pent  a n e d i  amine y i  e Id ed t he correspond ing  poly- 
u r e t h a n e s .  Promising new polyure thanes  were prepared by r e a c t i o n  of t h e  
p o l y e t h e r  of chloropentafluoroisopropyl a l c o h o l  w i t h  te t ra f luoro-m-  and 
-p-phenylene d i i s o c y a n a t e s .  

Polyure thanes  , p r e v i o u s l y  prepared d u r i n g  t h i s  program by r e a c t i o n  of 
t e t r a f l u o r o - p - p h e n y l e n e  d i i s o c y a n a t e  w i t h  hexaf luoropentanedio l ,  po ly(3 ,3 ,3-  
t r i f l u o r o p r o p y l e n e  oxide)  , and poly(hexafluoropentamethy1ene c a r b o n a t e )  , 
were prepared  a g a i n  f o r  LOX t e s t i n g .  Also prepared f o r  a d d i t i o n a l  LOX t e s t i n g  
was t h e  p o l y e t h e r  of  hexamethylene d i i s o c y a n a t e  and hexaf luoropentanedio l .  

Two new polycarbonates  prepared were poly(tetraf1uoro-p-phenylene 
c a r b o n a t e )  and poly(hexafluoropentamethy1ene t e t ra f luoro-p-phenylene  
c a r b o n a t e ) .  

High and low molecular  weight  p o l y e t h e r s  were prepared from hexaf luoro-  
benzene and hexaf luoropentanedio l .  A c o n s i d e r a b l e  amount of work was 
expended on t h e  p r e p a r a t i o n  of a hydroxyl- terminated prepolymer,  and i n d i c a -  
t i o n s  a r e  t h a t  t h i s  p o l y e t h e r  system i s  q u i t e  promising.  

Attempts t o  p r e p a r e  p o l y e t h e r s  from hexaf luoropentanedio l  by r e a c t i o n  
w i t h  p e r f l u o r o b u t a d i e n e  and w i t h  perfluoro-1,4-pentadiene were u n s u c c e s s f u l .  
Attempts  were a l s o  made t o  p r e p a r e  poly(hexafluoropentamethy1ene e t h e r ) .  
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The reaction of poly(hexafluoropentamethy1ene carbonate) with sulfur 
tetrafluoride seems to have yielded a promising new polyether. 

Interesting new polyethers were prepared by reaction of chloropenta- 
fluoroisopropyl alcohol with sodium hydroxide and with the monosodium salt 
of hexafluoropentanediol. 

Monomers and intermediates prepared for the first time include tetra- 
fluoro-p-phenylene bischloroformate, tetrafluoro-m-phenylene diisocyanate, 
1,5-diiodohexafluoropentane, diethyl-2,2,8,8-tetracarboethoxy-3,7-diketo- 
4 , 4 ,  5 , 5 , 6 , 6- hexaf luoroazela t e , the monoacet a 1 of hexa f luoropent aned io1 and 
dihydropyran, c h l o r o p e n t a f l u o r o i s o p r o p y l  alcohol, and N,N'-dipentafluoro- 
pheny l -pe r f luo rog lu ta ramide .  
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11. INTRODUCTION 

The p r e s e n t  and proposed use  of LOX i n  space  v e h i c l e s  has c r e a t e d  an 
u r g e n t  requirement  f o r  m a t e r i a l s  which a r e  compat ib le  w i t h  LOX. This  r e q u i r e -  
ment exists i n  many a r e a s  of a p p l i c a t i o n  i n c l u d i n g  c o a t i n g s ,  e l a s t o m e r s ,  and 
a d h e s i v e s .  The development of LOX-compatible adhes ives  which have s t r u c t u r a l  
u t i l i t y  a t  c ryogen ic  t empera tu res  i s  e s p e c i a l l y  d e s i r e d  t o  ach ieve  c e r t a i n  
c r i t i c a l  bonding o p e r a t i o n s  i n  v e h i c l e s  u s i n g  LOX. 

The development of such  adhes ives  depends e n t i r e l y  on t h e  a v a i l a b i l i t y  
o f  s u i t a b l e  polymers which o f f e r  r e s i s t a n c e  t o  LOX. 
s u c h  polymers were no t  a v a i l a b l e .  Thus, a fundamental  program of polymer 
s y n t h e s i s  was e s s e n t i a l  t o  t h e  development o f  a LOX-compatible adhes ive .  

P r i o r  t o  t h i s  c o n t r a c t ,  

The i n t e n t  o f  t h e  program i s  t o  deve lop  polymers which w i l l  b e  e s p e c i a l l y  
s u i t e d  t o  t h e  f o r m u l a t i o n  of adhes ive  sys tems.  
polymers w i l l  no t  b e  l i m i t e d  t o  adhes ives ,  however. 

The a p p l i c a t i o n  o f  t h e s e  

The o u t s t a n d i n g  c h a r a c t e r i s t i c s  of po lyu re thanes  i n  e l a s tomers  and adhe- 
s i v e s  f o r  c ryogen ic  a p p l i c a t i o n  have been observed by s e v e r a l  i n v e s t i g a t o r s .  
Highly f l u o r i n a t e d  polymers ,  i nc lud ing  T e f l o n ,  Kel-F, e t c . ,  have a l s o  demon- 
s t r a t e d  c ryogen ic  c a p a b i l i t y .  Although t h e s e  a v a i l a b l e  m a t e r i a l s  ( such  a s  
Te f lon )  form e x c e l l e n t  bonds which o f f e r  LOX c o m p a t i b i l i t y  and good c ryogen ic  
performance,  t h e  p r o c e s s i n g  c o n d i t i o n s  r e q u i r e d  a r e  p r o h i b i t i v e .  Poly-  
u r e t h a n e s  show g r e a t e r  u t i l i t y  i n  t h a t  t h e y  can  b e  cu red  under  mi ld  c o n d i t i o n s ,  
o r  even o f  c u r i n g  a t  ambient t empera tu re .  Coupl ing t h i s  p r o c e s s i n g  r e q u i r e -  
ment w i t h  t h e  need f o r  good c ryogen ic  performance and LOX c o m p a t i b i l i t y  l e a d s  
t o  t h e  h igh ly  ha logenated  polyure thanes  a s  t h e  most l o g i c a l  polymer sys tem.  

Thus,  i t  i s  most l i k e l y  t h a t  t h e  h i g h l y  ha logenated  po lyure thanes  w i l l  
p rove  t o  be t h e  optimum system f o r  use i n  LOX a t  c ryogen ic  t empera tu res .  The 
chance t h a t  another polymer having  a carbon backbone w i l l  o f f e r  an  improve- 
ment over  such  a system does no t  appear  t o  be  s u f f i c i e n t l y  f a v o r a b l e  t o  
p r e s e n t  a n  immediate s o l u t i o n  t o  t h e  problem. This view i s  based on an 
a n a l y s i s  of polymers which have r ece ived  a t t e n t i o n  bu t  have n o t  demonst ra ted  
any s i g n  of r e a l  improvement i n  c ryogenic  p r o p e r t i e s ;  i nc luded  a r e  t h e  v i n y l i -  
dene f l u o r i d e  - t e t r a f l u o r o e t h y l e n e  copolymers, nitrosotrifluoromethane- 
t e t r a f l u o r o e t h y l e n e  copolymers , per f luo roamid ines ,  and the whole c l a s s  of 
pe r f luo rohydroca rbons .  The re fo re ,  major emphasis d u r i n g  t h i s  program has been 
p l aced  on t h e  p r e p a r a t i o n  o f  h i g h l y  ha logenated  po lyure thanes  and t h e  monomers 
r e q u i r e d  f o r  t h e i r  p r e p a r a t i o n .  

A l e s s e r  amount of work has been d i r e c t e d  toward t h e  p r e p a r a t i o n  of 
h i g h l y  ha logenated  ana logs  o f  o t h e r  common polymers ,  such  a s  polyamides,  
po ly imides  , and po lyureas ,  which have demonst ra ted  some p a r t i c u l a r  c h a r a c t e r -  
i s t i c s  i n  adhes ive  f o r m u l a t i o n s .  
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From a fundamental  s t a n d p o i n t ,  t h e  r e s e a r c h  has  been c a r r i e d  out  t o  
o b t a i n  b a s i c  in format ion  r ega rd ing  t h e  LOX c o m p a t i b i l i t y  o f  polymers.  
i n fo rma t ion  r equ i r ed  i n c l u d e s  t h e  fo l lowing .  

The 

(1)  The t y p e  and l e v e l  of halogen c o n t e n t  necessa ry  t o  
impar t  LOX c o m p a t i b i l i t y  t o  c a n d i d a t e  polymers 

(2 )  The e f f e c t  o f  d i f f e r e n t  f u n c t i o n a l  groups and o t h e r  
s t r u c t u r a l  f e a t u r e s  on t h e  LOX c o m p a t i b i l i t y  of  
v a r i o u s  polymers w i t h  s i m i l a r  ha logen  c o n t e n t  

The polymers prepared  d u r i n g  t h i s  program have been des igned  t o  o b t a i n  
t h e  most b a s i c  i n fo rma t ion  o f  t h e  n a t u r e  d e s c r i b e d  above. This  i n f o r m a t i o n  
w i l l  be  u s e f u l  i n  t h e  d e s i g n  and p r e p a r a t i o n  of  an improved LOX-compatible 
adhes ive .  
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111. DISCUSSION 

A .  Liquid Oxygen C o m p a t i b i l i t y  

During t h e  c u r r e n t  r e p o r t  p e r i o d ,  t h i r t e e n  polymers were prepared  and 
t e s t e d  f o r  LOX c o m p a t i b i l i t y .  The r e s u l t s  a r e  shahtn i n  t a b u l a r  form i n  
S e c t i o n  IV. 

The t h r e e  polymers shown below passed t h e  LOX impact tes t .  

. F  F 
0 1 \ /  

f - N H ~ - ! - 0 C H 2  (CF2)3CH20 Prepared  from OC N - @ I C  0 

F F  

and HOCH2 (CF2) 3CH20H 

- I F F  

From H2NCH2 (CF2)3CH2NH2 

0 
II 

C-NHCH2 (CF2)3CH2NH-C-OCH2 (CF2)3CH20 f" 0 0 

and C ~-(!!-ocH~(CF~)~CH~O-(!!-C~ 

OH 
HOCH2 (CF2) -CH20 { CF2 -CH-0 'F3 & F 2 - ! 2 Z I H  From CF3-CH-CF2C1 I 

aa 
and NaOCH2 (CF2)3CH20H 

A s  d i s c u s s e d  i n  Annual Suumary Report 11, a l l  of t h e  p o l y u r e t h a n e ,  samples 
t e s t e d  b e f o r e  t h i s  r e p o r t  pe r iod  t h a t  were LOX compa t ib l e  were 20-30 m i l s  
t h i c k .  During t h i s  r e p o r t  p e r i o d ,  four  po lyu re thanes  t h a t  had been t e s t e d  
p r e v i o u s l y  were p repa red  a g a i n  and t e s t e d  a t  d i f f e r e n t  t h i c k n e s s e s  t o  d e t e r -  
mine if t h o s e  t h a t  passed  t h e  LOX t e s t  were t r u l y  LOX Compatible  o r  i f  t hey  
had passed  only because  of specimen t h i c k n e s s .  

L a s t  y e a r ,  poly(hexafluoropentamethy1ene t e t r a f l u o r o - p - p h e n y l e n e  d i c a r b a -  
mate) was LOX compa t ib l e  a t  26 m i l s .  Because t h i s  po lyu re thane  was t o o  
b r i t t l e  t o  p r e s s  i n t o  t h i n n e r  specimens, i t  was t e s t e d  t h i s  y e a r  a s  a t h i n  
f i l m  of powder. It was a l s o  LOX compat ib le  i n  t h i s  form. 
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poly(hexaf1uoropentamethylene hexamethylene d icarbamate)  was t e s t e d  
a g a i n .  Because i t  had been t e s t e d  a t  a t h i c k n e s s  o f  33 m i l s ,  and because  o f  
i t s  s t r u c t u r e ,  i t s  c o m p a t i b i l i t y  was q u e s t i o n a b l e .  This  y e a r ,  i t  was t e s t e d  
a t  a t h i ckness  o f  18 m i l s  and shown t o  be  LOX incompa t ib l e .  

Two po lyure thanes ,  p repared  by r e a c t i o n  of  t e t r a f l u o r o - p - p h e n y l e n e  d i -  
i s o c y a n a t e  wi th  poly(3,3,3-trifluoro-1,2-epoxypropane) and w i t h  poly(hexa-  
f luoropentamethylene  ca rbona te )  were LOX incompa t ib l e  l a s t  y e a r  when t e s t e d  
a t  a t h i c k n e s s  of 10 m i l s .  When t e s t e d  a g a i n  a t  a t h i c k n e s s  o f  26 m i l s ,  
t hey  were bo th  s t i l l  LOX incompa t ib l e .  

A new polyure thane  prepared  t h i s  y e a r ,  poly(hexafluoropentamethy1ene 
hexafluoropentamethylene dicarbamate)  , was t e s t e d  a t  16 m i l s  and 50 m i l s  and 
found t o  be  LOX compat ib le  a t  b o t h  t h i c k n e s s e s .  

It t h e r e f o r e  appea r s  t h a t  i f  a polymer i s  t r u l y  LOX compa t ib l e ,  t h i c k -  
n e s s  has no e f f e c t  on i t s  LOX performance.  

The r e s u l t s  on t h e  comple te ly  a l i p h a t i c  po lyu re thane ,  po ly(hexaf1uoro-  
pent  amet hy l ene  hexa f l u o r  opent amet hy l e n e  dicarbama t e)  , j us t d i s c u s  sed , ex tends  
our  knowledge of  t h e  s t a b i l i t y  o f  v a r i o u s  u r e t h a n e  l i n k a g e s .  The u r e t h a n e  
l i n k a g e ,  f lanked  on t h e  a l c o h o l  s i d e  by a 1,l-dihydroperfluoroalkyl c h a i n ,  

0 
II 

-NH-C-0-CH2-(CF )-,  is  s t a b l e  t o  impact i n  LOX i f  t h e  n i t r o g e n  i s  a l s o  

f l anked  by a 1 , 1-dihydroper  f l u o r o a l k y l  c h a i n  ,-(CI?~)~-CH~-NH-~!-O-. 
2 x  

The f a i l u r e  of po ly (  hexaf luoropentamet  hylene  t e t r a c h l o r  o-p-xylylene 
d i ca rbamate )  t o  pas s  t h e  c o m p a t i b i l i t y  t e s t  i n d i c a t e s  t h a t  a benzy l  methylene 
group impar t s  LOX s e n s i t i v i t y  t o  a molecule ,  a s  poly(hexafluoropentamethy1ene 
t e t r ach lo ro -p -pheny lene  d i ca rbamate )  , which d i f f e r s  from t h e  above polyure-  
t hane  on ly  by no t  having a methylene group between t h e  a romat i c  r i n g  and t h e  
n i t r o g e n  atom, has  been shown t o  b e  LOX compat ib le  (Reference  1). 

A s  d i scussed  above, poly(hexafluoropentamethy1ene t e t r a f l u o r o - p - p h e n y l e n e  
d icarbamate)  was t e s t e d  a t  a t h i c k n e s s  of 26 m i l s ,  and i t  was d e s i r a b l e  t o  
t e s t  t h i n n e r  specimens.  Because t h e  b r i t t l e n e s s  of  t h i s  polymer prevented  
p r e p a r a t i o n  of t h i n n e r  specimens,  8.5-mil t h i c k  specimens of  t h e  i somer i c  
p o l y (  hexa f luoropent  amet hylene  t e t r a  f l u o r  o-m-phenylene d icarbamat  e)  were p r  e- 
pared and t e s t e d .  Although t h i s  polymer f a i l e d  t h e  t e s t ,  i t  on ly  had 
3 r e a c t i o n s  i n  20 t e s t s .  I n  o r d e r  t o  de t e rmine  i f  po lyu re thanes  prepared  
from te t ra f luoro-m-phenylene  d i i s o c y a n a t e  a r e  LOX incompa t ib l e  whereas  t h o s e  
prepared  from t h e  i somer i c  p a r a - d i i s o c y a n a t e  a r e  compa t ib l e ,  more o f  t h i s  
meta-polyure thane  was prepared  and submi t ted  f o r  LOX t e s t i n g  a s  a f i n e  powder. 

L a s t  y e a r ,  poly(hexafluoropentamethy1ene ca rbona te )  was shown t o  be  
LOX incompat ib le .  This  y e a r ,  poly(hexafluoropentamethy1ene t e t r a f l u o r o - p -  
phenylene carbonate)  was a l s o  shown t o  be  LOX incompa t ib l e .  Because t h e  two 

6 



p o l y u r e t h a n e s  which have cor responding  s t r u c t u r e s ,  po ly(hexaf1uoropenta-  
methylene  hexaf l u o r  open t amet hy l e n e  dicarbama t e) and poly  (hexa f luoropen t a -  
methylene  t e t r a f luo ro -p -pheny lene  d icarbamate)  a r e  LOX compat ib le ,  t h e  
i n d i c a t i m s  a r e  t h a t  t h e  c a r b o n a t e  l i nkage  i t s e l f  is  t h e  i n c o z p a t i b l e  f a c t c r .  

Poly(hexaf1uoropentamet  hylene  per f  l u o r o g l u t a r a t  e )  i s  LOX compat ib le  
(Reference  1), w h i l e  poly(hexafluoropentamethy1ene a d i p a t e )  is incompa t ib l e .  

Our knowledge of p o l y e s t e r  c o m p a t i b i l i t y  was extended t h i s  y e a r  by 
t e s t i n g  ano the r  t y p e  of p o l y e s t e r  of hexa f luo ropen taned io l .  Poly(hexaf1uoro-  
pentamethylene  i s o p h t h a l a t e )  was LOX i ncompa t ib l e .  The i n d i c a t i o n s  a r e  t h a t  
on ly  p o l y e s t e r s  of f l u o r i n a t e d  a l c o h o l s  and f l u o r i n a t e d ' a c i d s  a r e  LOX compati-  
b l e .  

A new p o l y e t h e r  prepared  from chloropentafluoroisopropyl a l c o h o l ,  when 
t e s t e d  a s  12-mil t h i c k  d i s k s ,  appeared t o  be  LOX incompa t ib l e .  The poly-  
u r e t h a n e s  p repa red  from t h i s  po lye the r  sys tem by r e a c t i o n  w i t h  t e t r a f l u o r o -  
m-phenylene and p-phenylene d i i s o c y a n a t e s  a l s o  appeared t o  be  LOX s e n s i t i v e .  
The s e n s i t i v i t y  of t h e  p o l y e t h e r  was shown t o  be  due  t o  t r apped  s o l v e n t ;  
samples  prepared  w i t h  c a r e f u l  d ry ing ,  a f t e r  u s i n g  a LOX compat ib le  s o l v e n t ,  
were LOX compat ib le .  The po lyure thanes  a r e  be ing  prepared  aga in  f o r  t e s t i n g ,  
w i t h  s p e c i a l  c a r e  be ing  t aken  t o  remove a l l  t r a c e s  of s o l v e n t .  

Another new p o l y e t h e r ,  p repared  from h e x a f l u o r o p e n t a n e d i o l  and hexa- 
f luo robenzene ,  a l s o  f a i l e d  t h e  LOX t e s t .  Narmco b e l i e v e s  t h a t  t h i s  f a i l u r e  
may a l s o  be  due t o  t r apped  s o l v e n t ;  t h i s  p o l y e t h e r  w i l l  b e  c a r e f u l l y  prepared  
a g a i n  and r e submi t t ed  t o  MSFC. 

B .  Polyure thanes  

- i. From Hexaf luoropentanedio i  

The p r e p a r a t i o n  of a nove l  h igh ly  f l u o r i n a t e d  po lyure thane ,  po ly(hexa-  
f luoropentamet  hy l e n e  p e r f  l u o r o t  rime t hy l e n e  d icarbama t e)  , was r e p o r t e d  e a r l y  
i n  t h i s  program (Reference  2) .  

1 0 r: H 
-NH-CF2CF2CF2-NH-C-OCH2(CF 

This  po lyu re thane  was LOX compat ib le  ( a t  t h e  t h i c k n e s s  t e s t e d )  bu t  was 
h y d r o l y t i c a l l y  u n s t a b l e .  Polyure thanes  which a r e  h y d r o l y t i c a l l y  s t a b l e  w h i l e  
s t i l l  r e t a i n i n g  LOX c o m p a t i b i l i t y  have been p repa red  u s i n g  t e t r a f l u o r o -  and 
t e t r ach lo ro -p -pheny lene  d i i s o c y a n a t e s .  Another way of i n t r o d u c i n g  h y d r o l y t i c  
s t a b i l i t y  i s  t o  p r e p a r e  polyure thanes  having methylene groups between t h e  

7 



d i f luo romethy lenes  and t h e  n i t r o g e n  atoms of  t h e  u r e t h a n e  l i n k a g e s .  Attempts  
t o  p r e p a r e  hexafluoropentamethylene d i i s o c y a n a t e  f o r  u s e  i n  making polyure-  
thanes  of  t h i s  t y p e  have no t  been comple te ly  s u c c e s s f u l .  

Poly  (hexa f l u o r  op e n t  ame t hy l e n e  hexa f l u o r  op e n t  amet hy 1 ene d i c  a r  b ama t e )  was 
prepared  t h i s  yea r  by r e a c t i o n  o f  hexafluoropentanediamine w i t h  hexaf luoro-  
pentamethylene b i sch lo ro fo rma te .  This  r e a c t i o n  was c a r r i e d  o u t  b o t h  i n  
s o l u t i o n  and i n t e r  f a c i a  1 l y  . 

0 0 
II II 

H2NCH2(CF2)3CH2NH2 + C1-C-OCH2(CF2),CH20-C-C1 _______Q 

t-0 0 1 
It 

C-NHCH2(CF2)3CH2NH-C-OCH2(CF ti' 
The f i r s t  po lyu re thane  prepared  i n t e r f a c i a l l y  was a s emiso l id  which 

s o l i d i f i e d  a t  o r  n e a r  room t empera tu re .  This  po lyu re thane ,  t e s t e d  by MSFC a t  
a t h i c k n e s s  of approximate ly  50 m i l s ,  had no  r e a c t i o n s  i n  t h e  17 specimens 
t e s t e d .  The second sample of t h i s  po lyu re thane  was an e l a s t o m e r i c  s o l i d  
which was pressed  i n t o  a 16-mil t h i c k  s h e e t .  The po lyure thane  was LOX compat- 
i b l e  a t  t h i s  t h i c k n e s s ,  having no r e a c t i o n s  i n  20 specimens t e s t e d .  

Because of t h e  LOX c o m p a t i b i l i t y  and amorphous c h a r a c t e r  of t h i s  a l i p h a -  
t i c  polyure thane  sys tem,  t h e  pos s i b l e  us  e of  a hydroxyl-  t ermina t ed p o l y u r e t  hane 
based on t h i s  system is  be ing  i n v e s t i g a t e d .  A v i s c o u s ,  low molecular  weight  
prepolymer was prepared  by r e a c t i o n  o f  t h e  b i s c h l o r o f o r m a t e  w i t h  t h e  diamine 
i n  t e t r a h y d r o f u r a n  (THF) s o l u t i o n ,  fol lowed by h y d r o l y s i s  of t h e  ch lo rp fo rma te  
end groups .  The r e a c t i o n  of  t h i s  prepolymer w i t h  f l u o r i n a t e d  d i i s o c y a n a t e s  
t o  p r e p a r e  usab le  po lyu re thanes  w i l l  be s t u d i e d .  

Another type  o f  po lyu re thane  which might be  h y d r o l y t i c a l l y  s t a b l e  i s  
t h e  poly-acylure thane .  Previous  a t t e m p t s  t o  p r e p a r e  p e r f l u o r o g l u t a r y l  d i -  
i s o c y a n a t e  f o r  u s e  i n  p r e p a r i n g  poly(hexafluoropentamethy1ene p e r f l u o r o g l u t a r y l  
d i ca rbamate )  were u n s u c c e s s f u l  (References  1 and 2) .  During t h i s  yea r  , an  
a t t empt  was made t o  p r e p a r e  t h i s  po lyacy lu re thane  d i r e c t l y  by r e a c t i o n  of 
pe r f luo rog lu ta ramide  w i t h  hexafluoropentamethylene-bischloroformate. No r e -  
a c t i o n  took  p l a c e ,  i n d i c a t i n g  t h a t  t h e  n i t r o g e n  atoms o f  p e r f l u o r o g l u t a r a m i d e  
a r e  n o t  s u f f i c i e n t l y  b a s i c  t o  r e a c t  w i t h  t h e  b i s c h l o r o f o r m a t e .  

0 0 0 0 / 
11 II n 

H2N-C-(CF ) -C-NH2 + C1-C-O-CH2(CF 2 3  ) CH 2 -0-C-C1 2 3  
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Another t ype  of ha logenated  po lyure thane  which i s  of i n t e r e s t  i n  t h e  
b a s i c  s t u d y  of t h e  r e l a t i o n s h i p  of s t r u c t u r e  and LOX c o m p a t i b i l i t y  i s  r e p r e -  
s e n t e d  by poly(hexafluoropentamethy1ene t e t r a c h l o r o - p - x y l y l e n e  d i ca rbamate ) .  
This  p t l y u r e t h a n e ,  prepared  by r e e c t i m  of t e t r a c h l o r o - p - x y l y l e n e  d i i s o c y a -  
n a t e  and hexa f luo ropen taned io l  i n  the  m e l t ,  was ob ta ined  a s  a b r i t t l e  s o l i d .  
The p r e p a r a t i o n  of t h e  d i i s o c y a n a t e  i s  d i s c u s s e d  i n  t h e  monomer s e c t i o n .  
Twenty-mil t h i c k  sample specimens of t h e  po lyure thane  were prepared  by means 
of a p e l l e t  mold and submi t ted  t o  MSFC f o r  LOX t e s t i n g .  The po lyure thane  was 
LOX incompa t ib l e ,  having 7 r e a c t i o n s  i n  20 specimens t e s t e d .  

J 

L 

Poly(hexafluoropentamethy1ene t e t r ach lo ro -p -pheny lene  d icarbamate)  

0 1 

which d i f f e r s  from t h e  above po lyure thane  o n l y  by no t  having a methylene 
group between t h e  a r o m a t i c  r i n g  and t h e  n i t r o g e n  atom, has  been shown t o  be  
LOX compa t ib l e .  The above LOX r e s u l t  i n d i c a t e s  t h a t  a benzy l  methylene 
group impar t s  LOX i n c o m p a t i b i l i t y  t o  a molecule .  

As d i s c u s s e d  i n  Annual Summary Report  I1 ( J u l y  1965), t h e  po lyure thanes  
p repa red  on t h i s  c o n t r a c t  t h a t  were LOX compat ib le  were a l l  20-30 m i l s  t h i c k .  
I n  o r d e r  t o  h e l p  de t e rmine  i f  t h e  polyure thanes  a r e  compat ib le  o r  i f  t h e  
c o m p a t i b i l i t y  i s  due only  t o  t h e i r  t h i c k n e s s ,  i t  was f e l t  t h a t  a r e p r e s e n t a t i v e  
number of po lyu re thanes  should  be  t e s t e d  a t  10 m i l s  and a l s o  a t  a t h i c k n e s s  
o f  20-30 m i l s .  One of t h e s e  polyure thanes  poly(hexafluoropentamethy1ene 
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t e t r a f luo ro -p -pheny lene  d icarbamate)  , could  no t  be  t e s t e d  a t  10 m i l s  because  
d i s k s  of t h a t  t h i c k n e s s  were t o o  b r i t t l e .  T h e r e f o r e ,  t h e  co r re spond ing  poly-  
u re thane  from te t ra f luoro-m-phenylene  d i i s o c y a n a t e  was prepared  t h i s  y e a r .  

Poly(hexaf1uoropentamethylene t e t ra f luoro-m-phenylene  d i ca rbamate )  was 
prepared  by r e a c t i o n  of te t ra f luoro-m-phenylene  d i i s o c y a n a t e  w i t h  hexa f luo ro -  
pent  a n e d i o l .  

The c l e a r ,  c o l o r l e s s  polymer was p re s sed  i n t o  a s h e e t  8.5 m i l s  t h i c k  from 
which specimens were c u t  f o r  LOX impact t e s t i n g .  Three  specimens of  twenty 
t e s t e d  r e a c t e d  w i t h  LOX. 

I n  o r d e r  t o  v e r i f y  t h e s e  r e s u l t s  ano the r  sample of po ly(hexaf1uoropenta-  
methylene te t ra f luoro-m-phenylene  d i ca rbamate )  was p repa red  and submi t ted  f o r  
LOX t e s t i n g .  This  sample was submi t ted  i n  t h e  form of  a powder. 

Because poly(hexafluoropentamethy1ene t e t r a f luo ro -p -pheny lene  d i c a r b a -  
mate) was LOX compat ib le  a t  a t h i c k n e s s  of 26 m i l s  w h i l e  t h e  co r re spond ing  
meta d icarbamate  was LOX incompa t ib l e  a t  a t h i c k n e s s  of  8.5 m i l s ,  t h e  former 
po lyure thane  was prepared  t h i s  yea r  u s i n g  t h e  m e l t  po lymer i za t ion  t echn ique .  

-I- HOCH2(CF ) C H  OH -> 
2 3  2 

F F 

i"-" &H!OCH2 

F ' F  

1 
CH O t  

3 2 1  

The s t r o n g ,  b r i t t l e  polymer was p u l v e r i z e d  and t h e  f i n e  powder submi t ted  t o  
MSFC f o r  LOX-compatibil i ty t e s t i n g .  There were no r e a c t i o n s  i n  20 t e s t s .  

I n  Annual Summary Report  I ,  t h e  p r e p a r a t i o n  of po ly(hexaf1uoropenta-  
methylene hexamethylene d icarbamate)  was d e s c r i b e d .  It was prepared  i n  e t h y l  
a c e t a t e  s o l u t i o n  and was a b r i t t l e  s o l i d .  LOX-impact t e s t ' s p e c i m e n s  (33 m i l s  
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t h i c k )  molded i n  a p e l l e t  mold gave no r e a c t i o n s  i n  20 t e s t s ,  a s  r e p o r t e d  i n  
Annual Summary Report  11. Because of t h e  t h i c k n e s s  of  t h e s e  specimens,  t h e  
s t a b i l i t y  of t h e  u r e t h a n e  group a t t a c h e d  t o  a methylene c h a i n  i s  q u e s t i o n a b l e .  
This  p o l y u r e t h a n e  was prepared  t h i s  month u s i n g  t h e  m e l t  po lymer iza t ion  
t e c h n i q u e  . 

HOCH2(CF2)3CH20H + OCN(CH2)6NC0 - 
r 0 0 1  
O-CH2 (CF2) 3C H20d -NH(CH2) ,...bf t 

The polymer was e l a s t o m e r i c ,  b u t  had a tendency t o  c r y s t a l l i z e  on s t a n d i n g .  
An 1 8 - m i l  t h i c k  f i l m  was p r e s s e d  and 70 samples from t h i s  f i l m  w e r e  submi t ted  
t o  MSFC f o r  LOX-compatibil i ty t e s t i n g .  These specimens were t e s t e d  a t  t h r e e  
energy l e v e l s ,  showing 4 r e a c t i o n s  i n  20 tes ts  a t  10 Kg-M ( t h e  r e q u i r e d  energy 
leve l ) ,  1 r e a c t i o n  i n  20 tes ts  a t  7.6 Kg-M, and 1 r e a c t i o n  i n  20 t e s t s  a t  
5.3 Kg-M. 

2. From Tetrafluoro-p-hydroquinone 

The p r e p a r a t i o n  of  poly(hexafluoropentamethy1ene hexafluoropentamethylene 
dicarbamate)  was d e s c r i b e d  e a r l i e r  in  t h i s  r e p o r t .  

I n  view of t h e  p o s s i b i l i t y  t h a t  t h i s  p o l y u r e t h a n e  might b e  s e n s i t i v e  t o  
impact i n  LOX because of  t h e  presence o f  methylene groups on e i t h e r  s i d e  of 
t h e  u r e t h a n e  l i n k a g e ,  

-CH -NH-C-O-CH2-, poly(tetraf1uoro-p-phenylene hexafluoropentamethylene 

d i c a r b a m a t e ) ,  was prepared by r e a c t i n g  hexafluoropentanediamine w i t h  t e t r a -  
fluoro-p-phenylene-bischloroformate i n  s o l u t i o n .  The p r e p a r a t i o n  o f  t h i s  new 
b i s c h l o r o f o r m a t e  i s  d i s c u s s e d  i n  t h e  monomer s e c t i o n .  The polyure thane  was 
a s o l i d  having a s o f t e n i n g  p o i n t  of 175"-179"C. 

0 
n 

2 

0 

H2NCH2(CF2)3CH2NH2 + _____+ 

F F  
0 

c 
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Because a t t empt s  t o  p r e s s  a f i l m  from t h i s  polymer were u n s u c c e s s f u l ,  
and t h e  t e s t s  on t h e  co r re spond ing  a l l - a l i p h a t i c  po lyu re thane  showed i t  t o  
be LOX compat ib le ,  t h i s  po lyu re thane  was n o t  submi t t ed  f o r  LOX t e s t i n g .  

During t h i s  r e p o r t  p e r i o d ,  a c o n s i d e r a b l e  amount of  s t u d y  has  been devoted 
t o  t h e  p r e p a r a t i o n  of  a hydroxyl - te rmina ted  prepolymer from t h e  p o l y e t h e r  o f  
hexafluorobenzene and hexa f luo ropen taned io l .  One o f  t h e  methods s t u d i e d  was 
t h e  replacement  of one f l u o r i n e  atom on each  o f  t h e  t e r m i n a l  hexaf luorobenzene  
r i n g s  o f  a comple te ly  hexafluorobenzene-terminated p o l y e t h e r  by a hydroxyl  
group.  

F 

- X 

I n  o r d e r  t o  de te rmine  t h e  r e a c t i v i t y  of t h e  p h e n o l i c  hydroxyl  groups i n  t h i s  
prepolymer toward f l u o r i n a t e d  d i i s o c y a n a t e s ,  t h e  r e a c t i o n  o f  a model d i o l  , 
t e t r a  f l u o r  o-p-hydroquinone , w i t h  t e t r a  f luoro-m-pheny l e n e  d i i s  ocyana t e was 
s t u d i e d .  The expec ted  po lyure thane ,  poly(tetraf1uoro-p-phenylene t e t r a f  l uo ro -  
m-phenylene d i ca rbamate ) ,  was ob ta ined  bu t  t h e  r a t e  of t h e  r e a c t i o n  was 
ex t r eme ly  slow. 

NCO 

F 

3 .  

HO 1 \--OH M F F  
4 

r 

I 1- F 

From Hydroxyl-termi.nated P o l y e t h e r s  

F F  

$5; 0- 

i 
I 

X 
- 

The p r e p a r a t i o n  of a ve ry  tough,  f l e x i b l e  po lyu re thane  from t e t r a f l u o r o -  
p-phenylene d i i s o c y a n a t e  and t h e  hydroxyl - te rmina ted  p o l y e t h e r  of  3 , 3 , 3 , -  
trifluoro-l,Z-epoxypropane has been r e p o r t e d  e a r l i e r  i n  t h i s  program 
(Reference  1). Specimens o f  t h e  po lyure thane  were not  LOX compat ib le  when 
t e s t e d  a t  a t h i ckness  o f  10 m i l s .  This  yea r  t h e  same polymer was a g a i n  p r e -  
pared  and a 26-mil t h i c k  f i l m  made from i t .  Samples punched from t h i s  f i l m  
were a l s o  LOX incompat ib le .  There were 1 7  r e a c t i o n s  i n  20 specimens t e s t e d .  



c 

+ HOCH2(CF2)3CH20 - 
An e x c i t i n g  and s i g n i f i c a n t  development which was achieved  t h i s  y e a r  was 

t h e  s u c c e s s f u l  p r e p a r a t i o n  of a h igh ly  f l u o r i n a t e d  a l i p h a t i c  p o l y e t h e r  which 
has  t h e  p o t e n t i a l  of b e i n g  developed i n t o  an  i socyana te - t e rmina ted  prepolymer.  
The p r e p a r a t i o n  o f  t h i s  p o l y e t h e r ,  a t  p r e s e n t  b e l i e v e d  t o  be  a copolymer of 
p e n t a f l u o r o p r o p y l e n e  ox ide  and chlorotetrafluoropropylene ox ide ,  i s  d e s c r i b e d  
i n  t h e  fo l lowing  s e c t i o n  on p o l y e t h e r s .  
chloropentafluoroisopropyl a l c o h o l ,  one i n i t i a t e d  by t h e  sodium s a l t  of 
h e x a f l u o r o p e n t a n e d i o l  and b e i n g  comple te ly  hydroxy l - t e rmina ted ,  and t h e  o t h e r  
i n i t i a t e d  w i t h  sodium hydroxide  and c o n t a i n i n g  b o t h  hydroxyl  and a c i d  te rmina-  
t i o n .  

Two p o l y e t h e r s  were p repa red  from 

The r e a c t i o n  of t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  i n i t i a t e d  poly-  
e t h e r  w i t h  te t ra f luoro-m-phenylene  d i i s o c y a n a t e  y i e l d e d  a s o l i d  po lyu re thane  
which was e l a s t o m e r i c  above 65°C and d i d  n o t  m e l t  up t o  285OC. Specimens of 
t h i s  po lyu re thane  (12 m i l s  t h i c k )  submi t ted  t o  MSFC f o r  LOX c o m p a t i b i l i t y  
t e s t i n g  showed 5 r e a c t i o n s  i n  20 tes ts .  

NC 0 

HT-CH-CF2-jJr-CH-CF21y0-CH-CF2 -OCH2 (CF2 )3CH20H + F V L F  

F 

F 
I 

A s imilar  po lyure thane  was prepared  from t h e  same p o l y e t h e r  and t e t r a -  
f luoro-p-phenylene  d i i s o c y a n a t e .  
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HOCH? ( c F ~ ) ~ c H ~ o - + c F ~ - c H - o -  I H -I 

I -- _ _ I  x L 

The polymer was a s o l i d ,  i n f u s i b l e  rubber .  It was p u l v e r i z e d  and t h e  powder 
submi t ted  t o  MSFC f o r  LOX-compatibil i ty t e s t i n g .  It had 11 r e a c t i o n s  i n  20 
t es t s  a t  10 Kg-M b u t  no  r e a c t i o n s  out  of 20 t e s t s  a t  7.6 Kg-M. 
molecular  weight p o l y e t h e r  of chloropentafluoroisopropyl a l c o h o l  prepared  i n  
THF, which was a p p a r e n t l y  LOX incompat ib le ,  was shown t o  b e  compat ib le  when 
a l l  t r a c e s  of s o l v e n t  were removed. T h e r e f o r e ,  t h e  LOX s e n s i t i v i t y  of t h e s e  
polyure thanes  may b e  t h e  r e s u l t  of t h e  p r e s e n c e  of t r a p p e d  THF. 

The h i g h  

The sodium hydroxide i n i t i a t e d  p o l y e t h e r ,  however, f a i l e d  t o  y i e l d  a 
polymer when r e a c t e d  w i t h  te t ra f luoro-m-phenylene  d i i s o c y a n a t e .  

-CH 

Nonf luor ina ted  d i a c i d s  r e a c t  w i t h  d i i s o c y a n a t e s  t o  y i e l d  polyamides by 
loss o f  carbon d i o x i d e  from t h e  i n t e r m e d i a t e  p o l y a c y l u r e t h a n e s  . 

c -NH-R-NH-c -R' 
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Apparent ly ,  t h e  f l u o r i n a t e d  a c i d  end groups of t h e  p o l y e t h e r  a r e  not  r e a c t i v e  
enough t o  form a p o l y a c y l u r e t h a n e  with t h e  f l u o r i n a t e d  d i i s o c y a n a t e .  

During t h i s  r e p o r t  p e r i o d ,  c o n s i d e r a b l e  s t u d y  was devoted t o  t h e  prepara-  

A p o l y e t h e r  prepolymer which i s  comple te ly  
A hexafluorobenzene-hexafluoro- 

t i o n  o f  a hydroxyl- terminated prepolymer from t h e  p o l y e t h e r  o f  hexaf luoro-  
benzene and h e x a f l u o r o p e n t a n e d i o l .  
hydroxyl  te rmina ted  has n o t  y e t  been o b t a i n e d .  
p e n t a n e d i o l  p o l y e t h e r  c o n t a i n i n g  a c o n s i d e r a b l e  number of hydroxyl  end groups 
was r e a c t e d  w i t h  te t raf luoro-m-phenylene d i i s o c y a n a t e .  Although a l l  of t h e  
hydroxyl  groups r e a c t e d  (determined by i n f r a r e d  spec t roscopy) ,  t h e  r e a c t i o n  
m i x t u r e  remained f l u i d ,  i n d i c a t i n g  t h a t  n o t  enough of  t h e  polymer c h a i n s  had 
hydroxyls  on b o t h  ends.  

H- 

(Z = 
Fb - J 

-OCH2 (CF2)3CH20H o r  -F) 

+ Polyure thane  + 
4 .  From Hydroxy 1- t ermina t ed Polycarbonates  

The p r e p a r a t i o n  of a tough,  f l e x i b l e  p o l y u r e t h a n e  from t e t r a f l u o r o - p -  
phenylene d i i s o c y a n a t  e and hydroxyl-t  erminat  ed p o l y  (hexa f luoropentamet  hylene 
c a r b o n a t e )  was r e p o r t e d  p r e v i o u s l y  (Reference 1). Specimens of t h i s  poly- 
u r e t h a n e  were not  LOX compat ib le  when t e s t e d  a t  a t h i c k n e s s  of 10 m i l s .  This  
y e a r ,  t h e  same polymer was a g a i n  prepared and a 26-mil t h i c k  f i l m  made from 
i t .  Samples punched from t h i s  f i l m  were a l s o  LOX i n c o m p a t i b l e .  There were 
13 L C ~ C L L O ~ S  i n  20 specimens t e s t e d .  1 - - - - * 2  
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5 .  Thermal Stability of Polyurethanes 

The thermal stabilities of various types of fluorinated polyurethanes 
are of importance in the preparation, curing, and processing of these poly- 
urethanes. The polyurethane from poly(hexafluoropentamethy1ene carbonate) 
and tetrafluoro-p-phenylene diisocyanate was previously subjected to thermo- 
gravimetric analysis and its thermogram was presented in Annual Summary 
Report I1 (July 1965) .  Its polymer decomposition temperature was 3OO0+1O0C 
in helium and 320°+100C in air. During this report period, three more poly- 
urethanes, poly(hexafluoropentamethy1ene hexafluoropentamethylene dicarbamate), 
poly(tetraf1uoro-p-phenylene hexafluoropentamethylene dicarbamate), and poly- 
(tetrafluoro-p-phenylene tetrafluoro-m-phenylene dicarbamate) were subjected 
to thermogravimetric analysis. The polymer decomposition temperatures of 
these polyurethanes are approximately 100 degrees lower than that of the 
polyurethane previously tested. The thermograms of these polyurethanes are 
shown in Figures 1 through 6. 

C .  Polycarbonates 

The preparation of a new and interesting fluorinated polycarbonate, 
poly(hexafluoropentamethy1ene carbonate) , was reported previously (Reference 1). 
This polycarbonate, however, was LOX incompatible (at a thickness of 10 mils). 
In order to identify the cause of incompatibility in this polycarbonate and 
in fluorinated polycarbonates in general, two additional new polycarbonates, 
poly( tetraf luoro-p-phenylene carbonat e) , and poly(hexaf luoropentamet hylene 
tetra fluoro-p-phenylene carbonat e) were prepared. 

The fully aromatic polycarbonate was isolated during the preparation 
of tetrafluoro-p-phenylene-bischloroformate. 

F F  

It was an infusible solid, and its molecular weight could not be deter- 
mined by vapor pressure osmometry (VPO) because of its insolubility in 
suitable solvents. 

The mixed aliphatic-aromatic polycarbonate was prepared by reaction of 
hexafluoropentamethylene-bischloroformate with tetrafluorohydroquinone in 
the presence of pyridine. 
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F F  
0 0 \ /  

ti e t h e r  + 
II I1 

CI-C-OCH~(CF,)?CH,-O-C-CI + HO \--OH + - L J  L 

c 7 

L J 

The w h i t e  powdery polymer had a m e l t i n g  p o i n t  of  140°-146"C and a molecular  
weight of 5460 (determined by VPO). It was p res sed  i n t o  a f i l m  7 .5  m i l s  
t h i c k  and samples punched from i t  were submi t ted  t o  MSFC f o r  LOX c o m p a t i b i l i t y  
t e s t i n g .  The r e s u l t s  i n d i c a t e d  t h a t  t h i s  po lyca rbona te  was LOX incompa t ib l e ,  
having 2 r e a c t i o n s  i n  20 specimens t e s t e d .  S i n c e  t h e r e  were on ly  2 r e a c t i o n s ,  
20 more 7.5-mil t h i c k  specimens of t h i s  po lyca rbona te  were submi t ted  f o r  LOX 
impact t e s t i n g .  The second group gave 5 r e a c t i o n s  i n  20 t e s t s .  

Because of t h e  h igh  d e g r e e  of thermal  s t a b i l i t y  e x h i b i t e d  by poly(hexa-  
f luoropentamethylene  ca rbona te )  (Reference  l ) ,  t h e s e  two po lyca rbona te s  were 
s u b j e c t e d  t o  thermogravimet r ic  a n a l y s i s .  The polymer decomposi t ion tempera- 
t u r e s  of  t h e s e  polycarbonates  were lower than  t h a t  f o r  t h e  comple te ly  a l i p h a t i c  
po lycarbonate .  This  i n d i c a t e s  t h a t  t h e  f luo ro -a romat i c  c a r b o n a t e  l i n k a g e  i s  
l e s s  t he rma l ly  s t a b l e  t h a n  t h e  1,l-dihydroperfluoroalkyl c a r b o n a t e  l i n k a g e .  
The thermograms a r e  shown i n  F i g u r e s  7 th rough  10 .  

D.  P o l y e t h e r s  

1. Po lye the r s  from Hexaf luoropentanedio l  

a .  Po lye the r s  of  Hexaf luoropentanedio l  and Hexafluorobenzene.  I n  
Annual Summary Report  I ( J u l y  1964) , t h e  p r e p a r a t i o n  of  l Y 4 - b i s  (5-hydroxy- 
hexaf1uoropentoxy)tetrafluorobenzene was d e s c r i b e d .  The y i e l d  of product  was 
v e r y  low by t h e  two methods used ;  i . e . ,  t h e  r e a c t i o n  of hexaf luorobenzene  
w i t h  hexa f luo ropen taned io l  and sodium hydroxide wi thou t  a s o l v e n t ,  and t h e  
r e a c t i o n  of hexafluorobenzene w i t h  t h e  sodium s a l t  of hexa f luo ropen taned io l  
i n  d i b u t y l  e t h e r .  
a s  t h e  so lven t  was u n s u c c e s s f u l  (Reference 1). 

An a t t empt  t o  improve t h e  y i e l d  u s i n g  N-methylpyrrol idone 
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This  y e a r ,  i n  a n o t h e r  attempt t o  p r e p a r e  t h i s  d i e t h e r ,  hexaf luoro-  
benzene was r e a c t e d  w i t h  t h e  sodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  i n  N , N -  
d i m e t h y l  f ormamid e .  

F F  F F  

F F  F F  A3 

S u r p r i s i n g l y ,  a p o l y e t h e r  of molecular weight  1150 was obta ined  from t h i s  
r e a c t i o n  r a t h e r  t h a n  t h e  expected d i e t h e r .  It was i d e n t i f i e d  a s  t h e  p o l y e t h e r  
of h e x a f l u o r o p e n t a n e d i o l  and hexafluorobenzene by i t s  molecular  weight 
(determined by VPO), i t s  i n f r a r e d  spectrum, and i t s  e l e m e n t a l  a n a l y s i s .  It 
i s  b e l i e v e d  t o  p o s s e s s  t h e  fo l lowing  s t r u c t u r e :  

The rnethoxy group is  b e l i e v e d  t o  come from sodium methoxide i n p u r i t y  i n  t h e  
sodium s a l t  of hexaf luoropentanedio l .  

A d i e t  her  , shown t o  b e  1-me t hoxy-4- (e-hydroxyhexa f luoropent  oxy) - t e t r a -  
f luorobenzene  was a l s o  i s o l a t e d .  

F F  

P P  

The r e a c t i o n  of hexafluorobenzene w i t h  t h e  monosodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l  i n  t h e  r a t i o  o f  1:3 was r e p e a t e d  i n  N,N-dimethylacetamide 
(DMAC). The same two p r o d u c t s  were i s o l a t e d .  This  unexpected format ion  of 
a p o l y e t h e r  may be accounted f o r  i f  a f a c i l e  e q u i l i b r i u m  is  cons idered  t o  
occur  between t h e  monoether of hexafluorobenzene and hexaf luoropentanedio l  
which forms a s  t h e  i n i t i a l  product  and more sodium s a l t  of hexaf luoropentane-  
d i o l .  
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F F  

HOCH2 ( C F 2 l 3 C H 2 0  @ Na '' + F+-F -> HOCH2(CF2)3CH20  

F F  F F  

F F  F F  
F + HOCH2(CF2)3CH20 OE, Na - Na @ O C H 2 ( C F 2 ) 3 C H 2 0 - & F  -: 

7 

F F  F 

+ HOCH2 (CF2)3CH20H 

The sodium s a l t  of t h e  monoether can  then  go on t o  form p o l y e t h e r .  

F F  X 

18 3 
. Na OCH2(CF2)3CH20 

It i s  a l s o  p o s s i b l e  t h a t  p o l y e t h e r  could r e s u l t  from t h e  r e a c t i o n  of t h e  
sodium s a l t  of t he  monoether w i t h  an a c t i v a t e d  monoether formed by r e a c t i o n  
of  an a p r o t i c  s o l v e n t  such  a s  DMAC or  N,N-dimethylformamide (DMF) w i t h  t h e  
a romat i c  r i n g  (Reference 3 ) .  

1 

F F  

HOCH2 (CF2)3CH20 

r .IOCH2 (CF2 ) 3cH20-Q+ 

F F I x  



Because t h e  key t o  prepar ing  t h e s e  p o l y e t h e r s  seems t o  b e  t h e  a l k a l i  
m e t a l  s a l t  o f  t h e  monoether,  i t  was f e l t  t h a t  Its polymer iza t ion  would g i v e  
a good y i e l d  of h igh  molecular  weight polymer.  An a t tempt  was made t o  p r e -  
par  e t h e  mcncether , 5-hydroxyhexa fluoropent oxy-hexa f luorobenzene,  by r e a c t  i o n  
of hexaf luorobenzene ,  h e x a f l u o r o p e n t a n e d i o l ,  and potass ium hydroxide i n  t h e  
r a t i o  of 1:l:l i n  DMF s o l u t i o n .  Some of t h e  d e s i r e d  monoether was obta ined  
a long  w i t h  p o l y e t h e r s  of  molecular  weights r a n g i n g  up t o  about 1670. I n  
a d d i t i o n ,  a s m a l l  amount of  high molecular  weight  rubber  was o b t a i n e d .  

- J 

React ion  of t h e  monoether w i t h  sodium hydr ide  i n  e t h e r  y i e l d e d  t h e  
same h i g h  molecular  weight  , rubbery  p o l y e t h e r .  

This method of p r e p a r a t i o n  of t h e  p o l y e t h e r  i n v o l v e s  t h e  p r e p a r a t i o n  
of t h e  AB monomer, t h e  sodium s a l t  of t h e  monoether,  which homopolymerizes. 

+ NaH r ;Na : 80 O C H 2 ( C F 2 ) 3 C H 2 0 G b j  7 F - !  

F F  

I 
I 
I 
I F 1 

HOCH2 ( C F 2 )  3CH20+,+ I 
I F F  
i- 

P o l y e t  h e r  

I n  view of t h e  e a s e  w i t h  which a l k a l i  m e t a l  s a l t s  of hexaf luoro-  
p e n t a n e d i o l  and i t s  e t h e r s  seem t o  form i n  amide s o l v e n t s ,  a n  a t tempt  was 
made t o  p r e p a r e  a high molecular  weight p o l y e t h e r  by r e a c t i o n  of hexaf ludro-  
benzene,  h e x a f l u o r o p e n t a n e d i o l  and potass ium hydroxide i n  t h e  r a t i o  of 1:1:2 
i n  DMF s o l u t i o n .  Only a s m a l l  amount of h i g h  molecular  weight p o l y e t h e r  
which was i n s o l u b l e  i n  DMF was obta ined .  This  polymer,  however, was a v e r y  
i n t e r e s t i n g  e l a s t o m e r .  
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An at tempt  was t h e n  made t o  p r e p a r e  a moderate  m o l c u l a r  w e i g h t ,  
comple te ly  hydroxy-t ermina ted  polymer . Hexa f luorobenzene ,  hexa f luoropent  ane-  
d i o l  and potass ium hydroxide ,  i n  t h e  r a t i o  of 2:3:4 were r e a c t e d  i n  DMF 
s o l u t i o n .  A good y i e l d  of 790 molecular  weight l i q u i d  p o l y e t h e r  was o b t a i n e d  
which was shown by VPO and hydroxyl  end group d e t e r m i n a t i o n  t o  have b o t h  
hydroxyl  and hexafluorobenzene t e r m i n a t i o n .  I n  a d d i t i o n ,  a s m a l l  amount of 
h i g h  molecular  e l a s t o m e r i c  m a t e r i a l  was a l s o  i s o l a t e d .  

The h i g h  molecular  weight  m a t e r i a l  o b t a i n e d  h e r e  and i n  t h e  prev ious  
r e a c t i o n s  was a n  extremely t h e r m a l l y  s t a b l e  e l a s t o m e r ,  which showed no s i g n s  
o f  s o f t e n i n g  o r  decomposition up t o  300°C. 
p o l y e t h e r  was prepared.  It was p r e s s e d  i n t o  a 17-mil  t h i c k  s h e e t ,  and specimens 
punched from i t  were submi t ted  t o  MSFC f o r  LOX impact t e s t i n g .  It had 2 r e a c t i o n s  
i n  20 t e s t s .  It i s  v e r y  p o s s i b l e  t h a t  t h i s  p o l y e t h e r  could have c o n t a i n e d  
t r a p p e d  s o l v e n t ,  which caused t h e  two r e a c t i o n s .  

A l a r g e r  sample of t h i s  rubbery 

S i n c e  t h i s  p o l y e t h e r  seemed t o  b e  an  ex t remely  t h e r m a l l y  s t a b l e  
m a t e r i a l ,  i t  was s u b j e c t e d  t o  thermogravimet r ic  a n a l y s i s .  The polymer decomposi- 
t i o n  tempera ture  was 340"tlO"C i n  b o t h  hel ium and a i r .  
shown a s  F i g u r e s  11 and 12.  

The thermograms a r e  

A moderate molecular  weight  (720) p o l y e t h e r  , comple te ly  te rmina ted  
by hexaf luorobenzene, was prepared  by r e a c t i o n  of hexaf luorobenzene,  hexa- 
f l u o r o p e n t a n e d i o l ,  and potass ium hydroxide i n  t h e  r a t i o  of 3 : 2 : 6  i n  DMF 
s o l u t  ion .  

I n  view of t h e  s u c c e s s f u l  p o l y m e r i z a t i o n  of  t h e  monoether w i t h  sodium 
h y d r i d e ,  an  at tempt  was made t o  p r e p a r e  t h e  d i e t h e r  by r e a c t i o n  of hexaf luoro-  
p e n t a n e d i o l ,  hexafluorobenzene,  and sodium h y d r i d e  i n  e t h e r .  

F F  

2 HOCH2 (CF2)3CH20H i- F+: +2NaH+ HOCH2(CF 

F 
F 

F 

None of t h e  d e s i r e d  product  was i s o l a t e d .  

The v a r i o u s  r e a c t i o n s  c a r r i e d  out  w i t h  h e x a f l u o r o p e n t a n e d i o l  o r  i t s  
a l k a l i  m e t a l  s a l t s  w i t h  hexafluorobenzene g i v e  c o n s i d e r a b l e  i n s i g h t  i n t o  t h e  
r e a c t i v i t y  of t h e  f luoroaromat ic  r i n g  toward n u c l e o p h i l i c  a t t a c k  by t h e  an ion  
of hexaf luoropentanedio l .  The f a c t  t h a t  t h e  disodium s a l t  o f  hexaf luoro-  
p e n t a n e d i o l ,  formed i n  s i t u  by r e a c t i o n  of  t h e  d i o l  w i t h  sodium h y d r i d e ,  does 
n o t  r e a c t  w i t h  hexafluorobenzene i n  e t h e r  s o l u t i o n  i n d i c a t e s  t h a t  t h e  a t t a c k  
of t h e  f i r s t  an ion  on t h e  f l u o r o a r o m a t i c  r i n g  i s  a v e r y  s low r e a c t i o n .  This 
r e a c t i o n  occurs  a t  an a p p r e c i a b l e  r a t e  on ly  i f  t h e  r i n g  i s  a c t i v a t e d  by 
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a b a s i c  so1,vent such  a s  DMF. This a c t i v a t i o n  is observed i n  t h e  a p p a r e n t l y  
r a p i d  r e a c t i o n  of t h e  mono- and d i -  po tass ium s a l t s  of  t h e  d i o l ,  formed i n  
t h e  r e a c t i o n  medium from t h e  d i o l  and potass ium hydroxide ,  w i t h  h e x a f l u o r o -  
benzene t o  y i e l d  monoether and p o l y e t h e r  when t h e  r e a c t i o n s  were r u n  i n  DMF 
o r  s i m i l a r  s o l v e n t .  It i s  p o s s i b l e  t h a t  t h i s  a c t i v a t i o n  of t h e  a r o m a t i c  
r i n g  i s  due  t o  t h e  format ion  of  a s a l t  by r e a c t i o n  of hexafluorobenzene w i t h  
DMF . 

F # - F  + H-C-N(CH3l2  0 I1 - [++-!=N(c.;P 

F F  - 
This  t y p e  of s a l t  has been sugges ted  a s  an  i n t e r m e d i a t e  i n  t h e  r e a c t i o n  of 
a l k y l  o r  a r y l  h a l i d e s  w i t h  v a r i o u s  a n i o n s  i n  DMF (Reference 3 ) .  A f a c i l e  
n u c l e o p h i l i c  d i sp lacement  by t h e  a n i o n  of hexaf l u o r o p e n t a n e d i o l  would y i e l d  
t he monoet h e r .  

+ 00 
Na OC%(CF2)3CH20H - 

Once t h e  monomether is  formed, t h e  p o s i t i o n  para  t o  t h e  s u b s t i t u t i o n  i s  s o  
r e a c t i v e  toward f u r t h e r  n u c e l o p h i l i c  a t t a c k  t h a t  s u b s t i t u t i o n  occurs  wi thout  
a c t i v a t i o n  by DMF. This  i s  shown by t h e  homopolymerization of t h e  sodium 
s a l t  of t h e  monoether. When t h e  r e a c t i o n  i s  c a r r i e d  out u s i n g  t h e  sodium 
s a l t  of h e x a f l u o r o p e n t a n e d i o l ,  t h e  a t t a c k i n g  n u c l e o p h i l e  i s  most l i k e l y  e i t h e r  
t h e  sodium s a l t  of t h e  monoether o r  t h e  sodium s a l t  o f  t h e  d i e t h e r ,  b o t h  
formed by a n  e q u i l i b r i u m  w i t h  t h e  monosodium s a l t  of hexafluoroDentanedio1.  
When t h e  r e a c t i o n  i n v o l v e s  h e x a f l u o r o p e n t a n e d i o l  and potass ium hydroxide,  t h e  
a t t a c k i n g  reagent  probably i s  t h e  d i p o t a s s i u m  s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  
o r  t h e  potassium s a l t  o f  t h e  monoether.  

A s  d e s c r i b e d  above, r e a c t  i o n  of hexafluorobenzene w i t h  excess  hexa- 
f l u o r o - p e n t a n e d i o l  i n  t h e  presence  o f  b a s e  y i e l d s  p o l y e t h e r s  w i t h  b o t h  hexa- 
f l u o r o p e n t a n e d i o l  and hexafluorobenzene t e r m i n a t i o n .  An a t t e m p t  was made t o  
c o n v e r t  t h i s  t y p e  of  p o l y e t h e r  t o  a comple te ly  hydroxyl- terminated one by 
r e a c t i o n  w i t h  t h e  monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l .  



r 
QQ 

-F + Na OCH2(CF2)3CH20H __1p_ 

Based on t h e  VPO and hydroxyl  number r e s u l t s ,  on ly  a p o r t i o n  of t h e  p e r f l u o r o -  
phenyl  end groups r e a c t e d .  The p o s s i b i l i t y  t h a t  some of t h e  end groups i n  
t h e  o r i g i n a l  p o l y e t h e r  were f l u o r i n a t e d  phenols  was d i s c o u n t e d  by f u r t h e r  
a n a l y t i c a l  i n v e s t i g a t i o n .  T e t r a f  luoro-p-hydroquinone , which could n o t  b e  
p icked  up by t h e  s t a n d a r d  hydroxyl  end-group d e t e r m i n a t i o n ,  could b e  d i r e c t l y  
t i t r a t e d  p o t e n t i o m e t r i c a l l y  w i t h  base.  The p o l y e t h e r s  showed no r e a c t i v e  
a c i d  groups by t h i s  method. 

An a t t e m p t  was a l s o  made t o  p r e p a r e  a comple te ly  hydroxyl- terminated 
p o l y e t h e r  by r e a c t i o n  of hexafluorobenzene,  h e x a f l u o r o p e n t a n e d i o l ,  and 
potass ium hydroxide i n  DMF; followed by r e a c t i o n  of t h e  p o l y e t h e r  formed w i t h  
more h e x a f l u o r o p e n t a n e d i o l  and potassium hydroxide;  fol lowed a g a i n  by r e a c t i o n  
of t h i s  p o l y e t h e r  product  w i t h  more h e x a f l u o r o p e n t a n e d i o l  and potassium 
hydroxide.  According t o  t h e  molecular  weight [determined by VPO] and t h e  
hydroxyl  end-group a n a l y s i s ,  approximately f i v e  of every  s i x  c h a i n  ends a r e  
hydroxyl  t e r m i n a t e d .  

Another p o s s i b l e  way t o  conver t  t h e  p o l y e t h e r  t o  a comple te ly  hydroxyl- 
t e r m i n a t e d  one, i s  by blockage of  t h e  hydroxyl  groups ( t o  prevent  f u r t h e r  
p o l y m e r i z a t i o n )  and r e a c t i o n  w i t h  more h e x a f l u o r o p e n t a n e d i o l  and b a s e  o r  more 
sodium s a l t  o f  hexaf luoropentanedio l .  An a t t e m p t  t o  b lock  t h e  hydroxyl  groups 
by r e a c t i o n  w i t h  p - t o l u e n e s u l f o n y l  c h l o r i d e  was u n s u c c e s s f u l .  During t h i s  
work, a b r i e f  s t u d y  of  t h e  h y d r o l y s i s  o f  t h e  d i t o s y l a t e  o f  hexaf luoropentane-  
d i o l  was c a r r i e d  out  u s i n g  potassium hydroxide i n  w a t e r ,  i n  e t h a n o l ,  and i n  
a c e t o n e .  This  h y d r o l y s i s  s t u d y  i n d i c a t e d  t h a t  t h e  d i t o s y l a t e  was v e r y  d i f f i -  
c u l t  t o  hydrolyze w i t h  base .  

The u s e  of dihydropyran a s  a b l o c k i n g  a g e n t  w i t h  t h e  p o l y e t h e r  and 
subsequent  r e a c t  ion t o  form completely hydroxy 1- t e r m i n a t e d  m a t e r i a  1 i s  
c u r r e n t l y  b e i n g  i n v e s t i g a t e d  and seems t o  b e  q u i t e  promis ing .  

A s  a t t e m p t s  t o  c o n v e r t  t h e  p o l y e t h e r  t e r m i n a t e d  by b o t h  hexaf luoro-  
benzene and h e x a f l u o r o p e n t a n e d i o l  t o  a comple te ly  hydroxyl - te rmina ted  p o l y e t h e r  
were u n s u c c e s s f u l ,  r e a c t i o n  c o n d i t i o n s  , i n c l u d i n g  r a t i o s  , t i m e s  and tempera- 
t u r e s ,  were i n v e s t i g a t e d  t o  see i f  t h e  hydroxyl - te rmina ted  m a t e r i a l  can be 
o b t a i n e d  i n  a one-s tep  o p e r a t i o n .  The r e s u l t s  i n d i c a t e d  t h a t  i n  t h e  prepara-  
t i o n  of  t h e  i n i t i a l  p o l y e t h e r  prepolymer by r e a c t i o n  of  hexafluorobenzene,  
hexa f l u o r  opent  a n e d i  o l  and pot  a s s  ium hydroxide , hydroxy 1 - t ermina t i on cannot  b e  
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ensured  simply by us ing  an excess of hexa f luo ropen taned io l .  Thus,  emphasis 
was s h i f t e d  t o  t h e  conve r s ion  o f  t h e  comple te ly  hexafluorobenzene-terminated 
p o l y e t h e r  t o  a comple te ly  hydroxyl - te rmina ted  p o l y e t h e r .  

During one of  t h e  p r e p a r a t i o n s  of hexafluorobenzene-terminated poly-  
e t h e r ,  a new compound, t h e  d i -pen ta f luo ropheny l  e t h e r  o f  h e x a f l u o r o p e n t a n e d i o l ,  
was i s o l a t e d  from t h e  monoether of  hexafluorobenzene and hexa f luo ropen taned io l  
by f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  p o l y e t h e r .  

F F F  

Attempts were made t o  "cap" t h e  p o l y e t h e r  w i t h  -OH, -OC2H5,  -OC2H40H 
and - 0 C H 2  ( C F 2 ) 3 C H 2 0 H  groups .  
prepolymers ,  e i t h e r  d i r e c t l y  o r  by a subsequent  c l eavage  r e a c t i o n ,  which would 
be  s u i t a b l e  f o r  f u r t h e r  r e a c t i o n  w i t h  t e t r a f luo ro -m-pheny lene  d i i s o c y a n a t e  t o  
p rov ide  a d e s i r a b l e  po lyu re thane .  

These r e a c t i o n s  would p rov ide  hydroxy l - t e rmina ted  

The a t tempt  t o  c a p  t h e  p o l y e t h e r  w i t h  hydroxyl  groups by r e a c t i o n  
w i t h  potassium hydroxide i n  t e r t - b u t y l  a l c o h o l  was u n s u c c e s s f u l .  No hydroxyl  
groups were in t roduced  i n t o  t h e  po lye t  h e r .  

F k C H 2  

.- I 

3CH20 p$ F F  + KOH 

r 

t-BuOH ' 
___71_+ 
/ 

J 

3CH20 

The r e a c t i o n  o f  t h e  p o l y e t h e r  w i t h  sodium e t h o x i d e  a p p a r e n t l y  pro-  
ceeded a s  expected.  The c l eavage  of  t h e  product  by aluminum c h l o r i d e  would 
p robab ly  y i e l d  t h e  hydroxyl- terminated p o l y e t h e r .  
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The pheno l i c  hydroxyl  group would p robab ly  p rov ide  a LOX-compa t i b l e  
polymer;  however , when t h e  model po lyure thane  was prepared  from t e t r a f l u o r o -  
m-phenylene d i i s o c y a n a t e  and te t ra f luoro-p-hydroquinone ,  t h e  r e a c t i o n  r a t e  
was found t o  be  ex t remely  slow. The l o w  r e a c t i v i t y  can most e a s i l y  be 
a t t r i b u t e d  t o  t h e  v e r y  l o w  b a s i c i t y  of t h e  p e r f l u o r o  pheno l i c  group.  

F-$ F NC 0 

F 

+ 
F F  
\ /  

H O P  

F F  i' P JX 

Owing t o  t h e  s l u g g i s h n e s s  of t h e  polymer iza t ion  r e a c t i o n ,  e f f o r t s  t o  p r e p a r e  
t h e  pheno l i c -  t ermina t ed polye  t h e r  a r e  t e m p o r a r i l y  d i s c o n t i n u e d  . 

rn ilie l iydruxyie thyi  ether end group i n  t h e  product  of t h e  r e a c t i o n  of 
t h e  p o l y e t h e r  w i t h  t h e  a l k a l i  m e t a l  s a l t  of e t h y l e n e  g l y c o l  may p rov ide  a 
s u i t a b l e  c a n d i d a t e  f o r  t e r m i n a t i o n ,  p r o v i d i n g  t h a t  t h e  two a d j a c e n t  methylene 
u n i t s  a r e  compa t ib l e  w i t h  LOX. 

The r e a c t i o n  of  t h e  p o l y e t h e r  w i t h  (1) t h e  sodium s a l t  of e t h y l e n e  g l y c o l ,  
(2)  e t h y l e n e  g l y c o l  and potass ium hydroxide i n  e t h y l e n e  g l y c o l ,  and (3)  
e t h y l e n e  g l y c o l  and potass ium hydroxide i n  DMF y i e l d e d  t h e  same p r o d u c t .  
s t r u c t u r e  o f  t h i s  product  i s  q u e s t i o n a b l e ,  because  a n a l y t i c a l  r e s u l t s  i n d i -  
c a t e  t h a t  t h e r e  i s  t e r m i n a t i o n  w i t h  an a c i d i c  f u n c t i o n a l i t y .  

The 
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The most promising s t r u c t u r e  i s ,  o f  c o u r s e ,  t h e  w-hydroxy-hexafluoro- 
pentoxy e t h e r .  
r e a c t  ion  of  t he  hexaf luorobenzene-  t ermina t ed p o l y e t  h e r  w i t h  t h e  sod ium s a 1 t 
o f  hexa f luo ropen taned io l .  R e s u l t s  t hus  f a r  a r e  promis ing ,  a s  about two- th i rds  
o f  t h e  ends have been hydroxyl  t e rmina ted .  F u r t h e r  e f f o r t s  a r e  be ing  d i r e c t e d  
toward ach iev ing  complete  t e r m i n a t i o n  w i t h  t h e  d e s i r e d  end group.  

This t e r m i n a t i o n  would be  p r e s e n t  i n  t h e  Troduc t  from t h e  

Po lye the r  + NaOCH2 (CF2)3CH20H ___.__$ 

Another t e r m i n a l  group of i n t e r e s t  i s  t h e  amine. Completely amine- 
t e rmina ted  po lye the r s  could  be  used a s  prepolymers  t o  g i v e  po lyureas  by 
r e a c t i o n  w i t h  d i i s o c y a n a t e s .  This  amine-terminated p o l y e t h e r  might a l s o  be  
conve r t ed  by phosgenat ion  t o  an  i socyana te - t e rmina ted  p o l y e t h e r  which might 
be  a v a l u a b l e  l i q u i d  d i i s o c y a n a t e .  
t h i s  amine-terminated p o l y e t h e r  by r e a c t i o n  o f  t h e  p o l y e t h e r  w i t h  aqueous 
ammonia i n  a s e a l e d  m e t a l  t u b e  a t  500°F. 
e n t l y  t o o  seve re  and on ly  carbonaceous m a t e r i a l  was o b t a i n e d .  

One a t t empt  was made t h i s  y e a r  t o  p r e p a r e  

The r e a c t i o n  c o n d i t i o n s  were appar -  

- _  r 

Polye t  her  + "3 (a s . )  - 
b .  Po lye the r s  of Hexaf luoropentanedio l  and P e r f l u o r i n a t e d  Dienes .  - 

The a d d i t i o n  o f  a l c o h o l s  t o  f l u o r i n a t e d  o l e f i n s  i n  t h e  p re sence  of base  t o  
y i e l d  e t h e r s  has been known f o r  some t i m e  (Refe rence  4 ) .  The a d d i t i o n  o f  
d i o l s  t o  f l u o r i n a t e d  d i e n e s  t o  y i e l d  p o l y e t h e r s  has  a l s o  been r e p o r t e d  
(Reference  5 ) .  
might be  ob ta ined  by r e a c t i o n  o f  t h e  a v a i l a b l e  p e r f l u o r o b u t a d i e n e  w i t h  hexa- 
f l u o r o p e n t a n e d i o l  and potass ium hydroxide .  

I t  was b e l i e v e d  t h a t  a u s e f u l  hydroxyl - te rmina ted  p o l y e t h e r  

H O C H ~ ( C F  C H  OH + C F ~ = C F - C F = C F ~  c> 2 3  2 

1 -  1 
H O C H ~  ( C F ~ ) ~ C H ~ O + F ~ - C H F - C H F  - C F ~ - O - C H ~  ( C F ~ ) ~ C H ~ O  +- H 

I- F 2  
HOCH2 (CF2) 3 C H 2 0 ~ F 2  -CHF -bF-OCH2 (CF2)3CH20t  H 

- - k  
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A hydroxyl - te rmina ted  po lye the r  was formed, bu t  i t  con ta ined  some u n s a t u r a t  ion 
due t o  base -ca t a lyzed  d e h y d r o f l u o r i n a t i o n .  This  t y p e  of d e h y d r o f l u o r i n a t i o n  
is  r e p o r t e d  (Reference 6 )  t o  occur  i n  t h e  r e a c t i o n  of  pe r f luo robu tad iene  w i t h  
sodium e thox ide  i n  e t h a n o l .  I n  a d d i t i o n  t o  t h e  u n s a t u r a t i o n ,  t h e r e  a r e  
p o s s i b l y  some e s t e r  groups i n  t h e  po lye the r .  These e s t e r s  could a r i s e  from 
h y d r o l y s i s  of t h e  d i f luo romethy lene  groups a lpha  t o  t h e  oxygen atoms.  Thus, 
a t t e n t i o n  was tu rned  t o  t h e  u s e  of  nonconjugated d i e n e s .  A s i m i l a r  r e a c t i o n  
was c a r r i e d  out  u s ing  a nonconjugated p e r f l u o r i n a t e d  d i e n e ,  p e r f l u o r o p e n t a -  
1 ,4 -d iene  t o  p repa re  a s i m i l a r  po lye the r .  

CF2'CF-CF2-CF=CF2 + HOCH2 (CF2)3CH20H KOH 9 

H2 (CF2 ) 3C H20-CF2CHFCF2CHFCF2 t 
Reac t ion  of t h i s  d i e n e  w i t h  hexaf luoropentanedio l  y i e l d e d  a v i s c o u s ,  l i g h t  
ye l low o i l .  This  oil was i d e n t i f i e d  by i t s  molecular  we igh t ,  i n f r a r e d  
spec t rum,  and e l emen ta l  a n a l y s i s  a s  a condensa t ion  product  of one mole of 
hexa f luo ropen taned io l ,  one mole of pe r f luo ropen tad iene ,  and two moles of 
a c e t o n e .  A sugges ted  s t r u c t u r e  f o r  t h i s  m a t e r i a l  i s  shown below. 

0 
II 

2 -CHI?-CF2-CH2-C-CH3 

CH2-C-CH3 

Work i s  be ing  c a r r i e d  out  on t h e  r e a c t i o n  of hexa f luo ropen taned io l  w i t h  
p e r f l u o r o p e n t a d i e n e  i n  s o l v e n t s  o the r  t h a n  ace tone .  

c .  T r i -hexa f luo ropen ty lene  Glycol .  - Unsuccessfu l  a t t e m p t s  t o  prepare  
t r i - h e x a f l u o r o p e n t y l e n e  g l y c o l  by r e a c t i o n  of 1 ,5-d ich lorohexaf  luoropentane  
and t h e  d i t o s y l a t e  of hexa f luo ropen taned io l  w i th  t h e  monosodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l  were d e s c r i b e d  p rev ious ly  (Reference  2 ) .  Since  1 ,5-d i iodo-  
hexaf luoropentane  has now been prepared ,  t h e  p r e p a r a t i o n  of t h i s  d i e t h e r  was 
a t t empted  by r e a c t i o n  of t h e  d i i o d i d e  w i t h  t h e  sodium s a l t  of hexa f luo ro -  
p e n t a n e d i o l  i n  b o t h  DMF and e t h a n o l .  T r i -hexa f luo ropen ty lene  g l y c o l  could  be 
used a s  a d i o l  f o r  t h e  p r e p a r a t i o n  of po lyu re thanes  o r  might b e  c a p a b l e  of 
forming a h ighe r  molecular  weight po lye the r  by dehydra t ion .  None of t h e  
d e s i r e d  product  was ob ta ined .  

00 
I C H 2 ( C F 2 ) 3 C % I  + 2 Na OC%(CF2)3CH20H 

H W H 2  ( C F 2  ) 3C H20-C H2 (CF2 ) 3C H2 -OCH2 (CF2 ) CH20H 
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The same r e a c t i o n  was a t tempted  by a d d i t i o n  of  t h e  l Y 5 - d i i o d o h e x a -  
f l u o r o p e n t a n e  i n  DMF t o  t h e  monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  which 
had been prepared i n  s i t u  from h e x a f l u o r o p e n t a n e d i o l  and sodium methoxide 
i n  d ioxane .  No i d e n t i f i a b l e  p r o d u c t s  were i s o l a t e d .  

d .  Poly(hexafluoropentamethy1ene e t h e r ) .  - A c o n s i d e r a b l e  amount of 
work on t h e  p r e p a r a t i o n  of p o l y e t h e r s  from h e x a f l u o r o p e n t a n e d i o l  and hexa- 
f luorobenzene  has  been d e s c r i b e d .  I n  view of t h e  f a c i l e  r e a c t i o n  of hexa- 
f l u o r o p e n t a n e d i o l  w i t h  hexaf luorobenzene ,  an a t tempt  was made t o  p r e p a r e  
poly(hwafluoropentamethy1ene e t h e r )  by r e a c t  ion of h e x a f l u o r o p e n t a n e d i o l  
w i t h  lY5-di iodohexaf  luoropentane  i n  t h e  presence  of po tass ium hydroxide i n  
DMF. No r e a c t i o n  occurred .  

r 1 

HOCH2 (CF2)3CH20H + I C H 2  (CF2)3CH21  -t 2KOH 

Annual Summary Report  I1 d e s c r i b e s  an u n s u c c e s s f u l  a t tempt  t o  c o n v e r t  
a hydroxyl- terminated poly(hexafluoropentamethy1ene carbonat  e )  t o  a p o l y e t h e r  
by thermal  d e c a r b o x y l a t i o n .  Reference  7 d e s c r i b e s  t h e  c o n v e r s i o n  of  a l k y l  
a r y l  po lycarbonates  t o  t h e  cor responding  a l k y l  a r y l  p o l y e t h e r s .  The conver- 
s i o n  was achieved by h e a t i n g  t h e  polycarbonate  w i t h  an  a l k o x i d e  o r  phenoxide 
s a l t  i n  t h e  absence of s o l v e n t .  I n  view of t h i s  work, a n  a t tempt  was made 
t h i s  q u a r t e r  t o  d e c a r b o x y l a t e  hydroxyl- terminated poly(hexafluoropentamethy1ene 
c a r b o n a t e )  by h e a t i n g  i t  w i t h  a s m a l l  amount of t h e  monosodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l .  N o  d e c a r b o x y l a t i o n  occurred .  
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e.  Poly(1,l-difluoroformals) from Polycarbonates  and S u l f u r  

I T e t r a f l u o r i d e .  - The r e a c t i o n  of 1,l-dihydroperfluoroalkyl c a r b o n a t e s  w i t h  
s u l f u r  t e t r a f l u o r i d e  has been r e p o r t e d  (Reference 8) t o  y i e l d  1 , l - d i f l u o r o -  
f o r m a l s ,  a c l a s s  of a - f l u o r i n a t e d  e s t e r s .  
f l u o r o a l k y l  polycarbonates  s u c h  a s  t h o s e  prepared under t h i s  program might 
y i e l d  t h e  d e s i r e d  hydroxyl- terminated p o l y e t h e r  p r e c u r s o r s  t o  p o l y u r e t h a n e s .  

Extens ion  of  t h i s  r e a c t i o n  t o  
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Poly (hexa f luoropentamet hylene carbonat  e )  was r e a c t e d  w i t h  s u l f u r  
t e t r a f l u o r i d e  us ing  boron t r i f l u o r i d e  a s  a c a t a l y s t  .y: A v i s c o u s  l i q u i d  was 
o b t a i n e d .  The r e a c t i o n  a p p a r e n t l y  proceeded a s  expec ted ,  s i n c e  t h e  product  
was a l i q i i i d  whose e l e m e n t a l  m a l y s i s  checked v e r y  c l o s e l y  fo r  t h e  d e s i r e d  
p r o d u c t .  This  r e a c t i o n  is c u r r e n t l y  b e i n g  i n v e s t i g a t e d  more f u l l y .  

2 .  P o l y e t h e r s  from Chloropentafluoroisopropyl Alcohol  

The p r e p a r a t i o n  of a LOX-incompatible polyure thane  from t h e  polye t  her 
of 3,3,3-trifluoro-1,2-epoxypropane was d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t .  
Polyure thanes  prepared from more h i g h l y  f l u o r i n a t e d  p o l y e t h e r s ,  such  a s  t h e  
p o l y e t  h e r  from 2-hydroperfluoro-l,2-epoxypropane , would have a g r e a t e r  
p o s s i b i l i t y  of  being LOX compat ib le .  During t h i s  r e p o r t  p e r i o d ,  a t t e m p t s  
were made t o  p r e p a r e  t h i s  epoxide by dehydrohalogenat  i o n  of c h l o r o p e n t a -  
f l u o r o i s o p r o p y l  a l c o h o l .  

OH 
I KOH / o  \ > CF3-CH - CF2 CF3 -CH-CF2C 1 

The a t tempted  dehydrohalogenat ion was f i r s t  c a r r i e d  o u t  i n  an aqueous 
medium, t h e  method used s u c c e s s f u l l y  f o r  t h e  p r e p a r a t i o n  of 3 , 3 , 3 - t r i f l u o r o -  
epoxypropane (Reference 1 ) .  A s  no epoxide o r  s t a r t i n g  a l c o h o l  were i s o l a t e d ,  
h y d r o l y s i s  o f  t h e  epoxide was suspec ted .  The r e a c t i o n  was t h e n  r u n  i n  a 
nonaqueous medium. I n s t e a d  of t h e  epoxide,  a low molecular  weight  p o l y e t h e r  
was o b t a i n e d .  I n  t h i s  r e a c t i o n ,  t h e  b a s e  a p p a r e n t l y  dehydrochlor ina ted  t h e  
cy-chloroalcohol and t h e n  immediately i n i t i a t e d  p o l y m e r i z a t i o n  o f  t h e  epoxide 
formed. The epoxide must polymerize a s  r a p i d l y  a s  i t  i s  formed, a s  none of 
i t s  h y d r o l y s i s  p r o d u c t ,  t h e  1 ,2-g lycol ,  was found. 

The r e a c t i o n  of chloropentafluoroisopropyl a l c o h o l  w i t h  a 10% excess o f  
sodium hydroxide i n  THF y i e l d e d  a very  v i s c o u s  i i q u i d  p o l y e t h e r  whose moleci i -  
l a r  weight  was 2210 (determined by VPO). The i n f r a r e d  spec t rum of t h i s  poly- 
e t h e r  i n d i c a t e d  t h a t  i t  was terminated by b o t h  hydroxyl  groups and a c i d  groups,  
a s  would b e  expected i n  hydroxide c a t a l y s i s .  

OH 
I .H20 

CF3-CH-CF2C1 -I- NaOH j 

* Boron t r i f l u o r i d e  has been shown t o  b e  an e f f e c t i v e  c a t a l y s t  f o r  t h e  
r e a c t i o n  of s u l f u r  t e t r a f l u o r i d e  w i t h  es te rs ;  [Reference  W. R .  Hasek e t  a l . ,  
J .  Am. Chem. Soc. ,  82, 543-51 (1960)l .  
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An at tempt  t o  p r e p a r e  a h i g h  molecular  weight p o l y e t h e r  by r e a c t i o n  of  

The e l e m e n t a l  
t h e  a l c o h o l  with a n  e q u i v a l e n t  amount of  sodium hydroxide r e s u l t e d  i n  a v i s c o u s  
l i q u i d  polymer of 4240 molecular  weight (determined by VPO).  
a n a l y s i s  of t h e  polymer d i d  not  correspond t o  t h e  expec ted  s t r u c t u r e ,  t h e  
p e r c e n t a g e  o f  f l u o r i n e  be ing  p a r t i c u l a r l y  low. I n  a d d i t i o n ,  t h e  polymer con- 
t a i n e d  a c o n s i d e r a b l e  amount of  c h l o r i d e .  

It appears t h a t  t h e  a n i o n  formed by r e a c t i o n  of t h e  a l c o h o l  w i t h  b a s e  
may have d i s p l a c e d  some f l u o r i d e  i o n s  r a t h e r  t h a n  a l l  c h l o r i d e  i o n s ,  which 
e v e n t u a l l y  y ie lded  a c h l o r i n e - c o n t a i n i n g  p o l y e t h e r .  

0 - 
IC I 0 /9 OH 

P O  

F Y  CF2- CH-CF2C1 F + CF2- CH-CF2C1 ___7t e tc .  

The method of workup of t h e  polymer i n c l u d e d  pour ing  i n t o  w a t e r .  The w a t e r ,  
b e i n g  b a s i c  from excess  sodium hydroxide,  may have caused some h y d r o l y s i s  of 
d i f luoromethylene  groups , r e s u l t i n g  i n  t h e  very  low f l u o r i n e  c o n t e n t .  

This  po lymer iza t ion  was r e p e a t e d .  The r e a c t i o n  was r u n  i n  d i e t h y l  e t h e r  
i n s t e a d  of THF, and t h e  p o l y e t h e r  worked up w i t h o u t  u s i n g  w a t e r ,  t o  avoid 
h y d r o l y s i s .  The molecular  weight o f  t h e  polymer was 5700+100 (determined by 
VPO) . The e lementa l  a n a l y s i s  of t h e  p o l y e t  her o b t a i n e d  checked q u i t e  c l o s e l y  
f o r  t h e  m i x e d  p o l y e t h e r  of t h e  fo l lowing  s t r u c t u r e .  

where t h e  r a t i o  of x t o  y i s  between 3 : l  and 4 : l .  It t h u s  appears  t h a t  
t h e  displacement  of  h a l i d e  i o n  by t h e  a n i o n  of chloropentafluoroisopropanol 
i s  random, d i s p l a c i n g  t h r e e  o r  f o u r  f l u o r i d e  i o n s  f o r  every  one c h l o r i d e  i o n .  
The sugges ted  o v e r a l l  p a t h  f o r  t h e  p o l y m e r i z a t i o n  i s  shown below. 

This  i s  t h e  f i r s t  h i g h l y  f l u o r i n a t e d  a l i p h a t i c  p o l y e t h e r  which has t h e  
p o t e n t i a l  o f  being developed i n t o  a n  i s o c y a n a t e - t e r m i n a t e d  prepolymer.  This  
p o l y e t h e r  c o n t a i n s  over  57% f l u o r i n e .  The p r e p a r a t i o n  and i d e n t i f i c a t i o n  of  
t h i s  p o l y e t h e r  i s  a s i g n i f i c a n t  advance i n  t h e  development of a LOX-compatible 
a d h e s i v e  system. 
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The r a t i o  of t h e  r e a c t a n t s  i n  the  above r e a c t i o n ,  from which a poly-  
e t h e r  of molecular  weight  5700 was obtained,was 1:l. 
r e p e a t e d  u s i n g  d i f f e r e n t  r a t i o s  o f  r e a c t a n t s .  When t h e  r a t i o  of sodium hydroxide 
t o  a l c o h o l  was i n c r e a s e d  t o  1,2:1, t h e  molecular  weight  of t h e  product  i n -  
c r e a s e d  t o  7850. When t h e  r a t i o  was reduced t o  0.8:1, a product  of 2400 molecular  
weight  was o b t a i n e d .  
a l s o  reduced .  
pared and used i n  t h e  a t tempt  t o  p repa re  a po lyu re thane  by r e a c t i o n  w i t h  
t e t r a f  luoro-m-phenylene d i i s o c y a n a t e .  

The p o l y m e r i z a t i o n  was 

I n  t h e  l a t t e r  po lymer i za t ion  t h e  y i e l d  of polymer was 
A l a r g e  sample of a 3680 moiecu ia r  weight  p o i y e t h e r  was p r e -  

A h igh  molecular  weight  po iye the r  was prepared. by r e a c t i o n  of equimolar  
amounts o f  ch loropentaf luoro isopropyl  a l c o h o l  and pu re  monosodium s a l t  of 
h e x a f l u o r o p e n t a n e d i o l  i n  THF. The product  was an  e l a s t i c  gum which was i n -  
s o l u b l e  i n  a l l  s o l v e n t s  t e s t e d .  Because of i t s  i n s o l u b i l i t y ,  i t s  molecu la r  
weight  could  n o t  be de te rmined .  
monosodium s a l t  o f  a d i o l ,  t h e  po lye the r  i s  p roab ly  t e rmina ted  by hydroxyl  
groups on ly .  It e x h i b i t e d  unexpected the rma l  s t a b i l i t y ,  and d i d  not  d i s c o l o r  
even when heated t o  3 0 0 ° C .  

A s  would b e  expec ted  from c a t a l y s i s  by a 
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This  polye ther  was s u b j e c t e d  t o  thermogravimet r ic  a n a l y s i s .  I t s  polymer 
decomposition tempera ture  was 250°+100C b o t h  i n  a i r  and i n  hel ium, 
grams a r e  shown i n  F i g u r e s  13 and 14. 

The thermo- 

Samples of t h i s  p o l y e t h e r  (12 m i l s  t h i c k )  were submi t ted  t o  MSFC f o r  
LOX-compatibil i ty t e s t i n g .  It had 2 r e a c t i o n s  i n  20 t e s t s .  Because Narmco 
b e l i e v e d  t h a t  t h i s  i n c o m p a t i b i l i t y  was due t o  r e s i d u a l  s o l v e n t ,  t h e  p o l y e t h e r  
was a g a i n  prepared.  One sample was s y n t h e s i z e d  i n  THF s o l u t i o n  and t h e  product  
e x t e n s i v e l y  d r i e d .  A second sample was prepared  i n  a LOX-compatible s o l v e n t ,  
p e r f l u o r o t r i b u t y l a m i n e .  N e i t h e r  of  t h e  p o l y e t h e r s  o b t a i n e d  could  b e  p r e s s e d  
i n t o  s h e e t s ,  and b o t h  samples were p u l v e r i z e d  and s e n t  a s  powders t o  MSFC f o r  
LOX-impact t e s t i n g .  N e i t h e r  sample r e a c t e d  i n  20 t e s t s ,  proving t h a t  t h e  
i n c o m p a t i b i l i t y  of t h e  f i r s t  sample t e s t e d  was indeed due t o  s o l v e n t ,  and t h i s  
p o l y e t  her  i s  LOX compat ib le  . 

Previous ly  , polye t  h e r s  of  ch loropent  a f  l u o r o i s  opr opyl  a l c o h o l  t h a t  were 
prepared  using t h e  monosodium s a l t  o f  hexa f l u o r o p e n t a n e d i o l  f a i l e d  t o  g i v e  
e l e m e n t a l  ana lyses  t h a t  agreed w i t h  t h e  c a l c u l a t e d  v a l u e s  f o r  t h e  expected 
p r o d u c t s .  I n  e a c h  p r e p a r a t i o n ,  t h e  polymers were washed r e p e a t e d l y  w i t h  
w a t e r .  The high molecular  weight  p o l y e t h e r  prepared  i n  THF s o l u t i o n  and 
worked up wi thout  w a t e r  washing gave a n  e l e m e n t a l  a n a l y s i s  t h a t  a g r e e s  f a i r l y  
w e l l  w i t h  t h e  c a l c u l a t e d  v a l u e s  f o r  t h e  p o l y e t h e r  of t h e  f o l l o w i n g  s t r u c t u r e ,  
i n  which only a s m a l l  amount of  t h e  "y" moiety is  p r e s e n t .  

When t h e  p o l y m e r i z a t i o n  was c a r r i e d  out  us ing  equimolar amounts of 
ch loropentaf luoro isopropyl  a l c o h o l  and ex t remely  p u r e  sodium s a l t  of hexa- 
f l u o r o p e n t a n e d i o l  i n  THF s o l u t i o n ,  a h i g h  molecular  weight  , e l a s t o m e r i c  poly-  
e t h e r  was obta ined .  When t h e  same r a t i o  o f  r e a c t a n t s  b u t  l e s s  p u r e  sodium 
s a l t  was used,  a p o l y e t h e r  of  1960 molecular  weight  was i s o l a t e d .  The hydroxyl 
number was 1900, i n d i c a t i n g  t h a t  t h e  product  was t e r m i n a t e d  on one end w i t h  
hexaf luoropentanedio l .  The secondary  group on t h e  o t h e r  end is  n o t  i d e n t i f i e d  
by t h e  method used f o r  a l c o h o l  d e t e r m i n a t i o n .  This  was e s t a b l i s h e d  by t h e  
f a i l u r e  t o  determine t h e  presence  of  any hydroxyl  groups i n  c h l o r o p e n t a -  
f l u o r o i s o p r o p y l  a l c o h o l .  The i n f r a r e d  spectrum and d i r e c t  t i t r a t i o n  of t h e  
polymer i n d i c a t e d  t h a t  t h e r e  were no a c i d  groups p r e s e n t .  This  ev idence  
i n d i c a t e s  t h a t  t h e  s t r u c t u r e  of t h e  p o l y e t h e r  i s  most probably  t h a t  shown 
below, and e s t a b l i s h e s  f o r  t h e  f i r s t  t i m e  t h a t  t h e  a t t a c k  of t h e  i n i t i a t i n g  
a n i o n  on t h e  i n t e r m e d i a t e  epoxide o c c u r s  a t  t h e  pr imary ( CF2) carbon r a t h e r  
t h a n  t h e  secondary (-CH-) carbon.  

/"\ 00 OH 

CF3 -hH-CF2C1 + NaOCH2 (CF2) 3CH20H ,-> CF3-CH - CF2 NaOCH2 (CF2) 3CH20H 
> 

-0-CH2 (CF2) 3CH20H 
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F i g u r e  13. Thermogram of Po lye the r  from Chlo ropen ta f luo ro -  
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i s o p r o p y l  Alcohol  (Sodium S a l t  of Hexaf luoropentane-  
d i o l  I n i t i a t e d )  i n  A i r  

100 

90 

so 

70 

3 60 

50 

@ 40 

30 

20 

10  

al 
5 

PDT = 250°+100C m a 
Pi 

s 

2 00 400 600 800 1000 12 00 1 
Temp, OC 

F i g u r e  14.  Thermogram of Polyet he r  from Chloropentaf  l uo ro -  
i s o p r o p y l  Alcohol  (Sodium S a l t  of Hexaf luoropentene-  
d i o l  I n i t i a t e d )  i n  H e l i u m  
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A polyure thane  was prepared  by r e a c t i o n  of t h i s  p o l y e t h e r  w i t h  t e t r a f l u o r o -  
m-phenylene d i i s o c y a n a t e .  

Th i s  po lymer iza t ion  was r e p e a t e d  u s i n g  d i f f e r e n t  r a t i o s  of  r e a c t a n t s .  
When t h e  r a t i o  o f  sodium s a l t  o f  hexa f luo ropen taned io l  t o  c h l o r o p e n t a f l u o r o -  
i s o p r o p y l  a l coho l  was inc reased  t o  1 .2 :1 ,  t h e  molecu la r  weight  of  t h e  product  
dec reased  t o  1000. When t h e  r a t i o  was dec reased  t o  0 .8 :1 ,  a product  of  2640 
molecular  weight was ob ta ined .  

S i n c e  the  po lyure thane  prepared  from t e t r a f luo ro -m-pheny lene  d i i s o c y a n a t e  
and a 1960 molecular  weight  p o l y e t h e r  was e l a s t o m e r i c  o n l y  above 65"C, an 
a t t empt  was made t o  p r e p a r e  a l a r g e  amount of  h i g h e r  molecu la r  weight  poly-  
e t h e r .  A r a t i o  of 0 .8  mole o f  sodium s a l t  t o  1 mole o f  c h l o r o p e n t a f l u o r o -  
i s o p r o p y l  a l coho l  was a g a i n  used .  Th i s  t i m e ,  however, a p o l y e t h e r  o f  1790 
molecular  weight was ob ta ined .  Work i s  c u r r e n t l y  b e i n g  conducted t o  p r e p a r e  
h ighe r  molecular  weight  p o l y e t h e r  i n  o r d e r  t o  p r e p a r e  a more f l e x i b l e  poly-  
u r e t h a n e .  

The s t r u c t u r e s  of t h e s e  polymers prepared  from chloropentafluoroisopropyl 
a l c o h o l  s t i l l  have not  been p o s i t i v e l y  e s t a b l i s h e d .  Although Narmco b e l i e v e s  

~ t h a t  t h e  s t r u c t u r e  o f  t h e s e  polymers is  t h a t  proposed d u r i n g  t h i s  d i s c u s s i o n ,  
some doubt  s t i l l  ex is t s ,  e s p e c i a l l y  s i n c e  t h e  e l e m e n t a l  a n a l y s i s  of  v a r i o u s  
samples of t h e s e  polymers show c o n s i d e r a b l e  v a r i a t i o n .  These s t r u c t u r e s  a r e  
s t i l l  under i n v e s t i g a t i o n .  

The high molecular  weight  p o l y e t  he r  from c h l o r  opent  a f l u o r o i s o p r o p y l  
a l c o h o l ,  mentioned above, could  show promise a s  an e l a s t o m e r ,  e s p e c i a l l y  i f  
i t  could be  c r o s s l i n k e d .  One o f  t h e  methods o f  c u r i n g  Vi ton  A ,  a copolymer 
of  pe r f luo ropropy lene  and v i n y l i d e n e  f l u o r i d e ,  i s  r e a c t i o n  w i t h  a d iamine  o r  
t r i a m i n e .  The c r o s s l i n k i n g  most l i k e l y  occur s  e i t h e r  by e l i m i n a t i o n  of HF 
from t h e  copolymer fol lowed by a d d i t i o n  o f  t h e  amine group t o  t h e  doub le  bond 
formed o r  by  d isp lacement  of  t h e  t e r t i a r y  f l u o r i d e  i o n  by t h e  amine. 



The chloropentafluoroisopropyl a lcoho l  p o l y e t h e r  i s  b e l i e v e d  t o  have a 
s t r u c t u r e  which could e l i m i n a t e  HF or undergo a d isp lacement  r e a c t i o n .  There- 
f o r e ,  a c u r i n g  experiment  was conducted on t h i s  p o l y e t h e r .  

I I 
R 

I 

H N-R-NH2 
0-C  H-CF 2 

A sample of t h e  p o l y e t h e r  of 7850 molecular  weight  prepared  by sodium 
hydroxide  i n i t i a t i o n  was s u c c e s s f u l l y  cured  a t  room t empera tu re  w i t h  t r i -  
e t h y l e n e t r i a m i n e .  The cured  polymer was a tough e l a s tomer  which d i d  not  m e l t .  

3 .  Po ly (pe r f luo ropropy1ene  oxide)  

An a t tempted  s y n t h e s i s  of po ly(per f luoropropy1ene  ox ide )  was d e s c r i b e d  
i n  Annual Summary Repor t  I1 ( J u l y  1965). The pub l i shed  procedure  (Reference  9) 
f o r  t h e  p r e p a r a t i o n  of perfluoro-1,2-epoxypropane was fol lowed and an a t t empt  
was made t o  polymerize it wi thou t  i s o l a t i o n  u s i n g  an  a n i o n i c  i n i t i a t o r ,  the  
monosodium s a l t  of hexa f luo ropen taned io l .  No p o l y e t h e r  was o b t a i n e d .  This 
y e a r ,  t h e  p o l y e t h e r  was i s o l a t e d  and a t t e m p t s  were made t o  polymer ize  i t  w i t h  
po ta s s ium hydroxide and w i t h  a s o l u t i o n  o f  sodium cyan ide  i n  DMAC. 

powerfu l  c a t i o n i c  i n i t i a t o r .  There was no  i n d i c a t i o n  of po lymer i za t ion  i n  

An a t t empt  
I."" ..__ 21.n made t o  i n i t i a t e  t h e  po lymer i za t ion  u s i n g  aluminum c h l o r i d e ,  a 

any of t h e  a t t e m p t s .  

Base 
CF2 o r  CF3-CF - ,L 

A1C l3 

E. Monomers 

1. Te t ra f luo ro -p -pheny lene  B i sch lo ro fo rma te  

Te t r a f luo ro -p -pheny lene  b i s c h l o r o f o r m a t e  was prepared  u s i n g  t h e  method 
developed and used s u c c e s s f u l l y  f o r  t h e  p r e p a r a t i o n  of hexaf l uo ropen ta -  
methylene b i s c h l o r o f o r m a t e ,  t h e  a d d i t i o n  of t h e  d i o l  t o  a suspens ion  of 
c h l o r o c a r b o n y l  py r id in ium c h l o r i d e  i n  e t h e r .  
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The product  was i d e n t i f i e d  by i t s  i n f r a r e d  spec t rum,  e l e m e n t a l  a n a l y s i s ,  and 
c o n v e r s i o n  t o  i t s  d i -N-methy lan i l ino  d e r i v a t i v e .  

The y i e l d  of t h e  a romat i c  b i s c h l o r o f o r m a t e  was somewhat low and was 
accompanied by t h e  format ion  of a c o n s i d e r a b l e  amount o f  po lyca rbona te .  This 
is  i n  c o n t r a s t  t o  t h e  e x c e l l e n t  y i e l d  of b i s c h l o r o f o r m a t e  from hexa f luo ro -  
pent aned i o 1  . 
2 .  Te t r ach lo ro -p -xy ly lene  a , a ' - D i i s o c y a n a t e  

. 
The p r e p a r a t i o n  of t e t r a c h l o r o - p - x y l y l e n e  a , a ' - d i i s o c y a n a t e  was d e s c r i b e d  

p r e v i o u s l y  (Reference 1 ) .  N e i t h e r  t h e  e l e m e n t a l  a n a l y s i s  nor  t h e  i s o c v a n a t e  
e q u i v a l e n t  was c l o s e  enough t o  t h e  t h e o r e t i c a l  v a l u e s  t o  c o n s i d e r  t h i s  corn- 

Narmco's u s u a l  phosgenat ion  procedure .  AS i t  was b e l i e v e d  t h a t  t h e  product  
ob ta ined  p r e v i o u s l y  con ta ined  some carbamyl  c h l o r i d e ,  t h e  i n t e r m e d i a t e  product  
ob ta ined  was heated f o r  a long p e r i o d  o f  t ime  i n  r e f l u x i n g  o-d ich lorobenzene  
t o  conve r t  any carbamyl c h l o r i d e  t o  i s o c y a n a t e .  The product  ob ta ined  was pu re  
t e t  r ach lo ro -p -xy ly lene  a,a ' -d i i socyana  t e, i d e n t i f i e d  by i t s  element a 1 a n a l y s i s  
and i s o c y a n a t e  e q u i v a l e n t .  

~ pound pure .  The s y n t h e s i s  of t h e  d i i s o c y a n a t e  was a g a i n  c a r r i e d  out  u s i n n  

c1 c-1 

3 .  P e n t a f l u o r o a n i l i n e  

c1 c1 

,,.CH*% c H* - NC o 

c1 c1 

During t h i s  r e p o r t  p e r i o d ,  t h e  p r e p a r a t i o n  of pentaf  l u o r o a n i l i n e  and 
tetrafluoro-m-phenylenediamine was i n v e s t i g a t e d  u s i n g  a r e c e n t l y  r e p o r t e d  
Russ i an  procedure  (Reference 10). Pure  p e n t a f l u o r o a n i l i n e  was prepared  i n  
54% y i e l d  by r e a c t  ion  o f  hexaf luorobenzene  w i t h  aqueous ammonia. 

F F  

-t NN F + 2H20 4 F 
F R F  + 2NH40H - 



4 .  T e t r a f  luoro-m-phenylenediamine 

S e v e r a l  po lyure thanes  have been prepared  d u r i n g  t h i s  program u s i n g  t e t r a -  
f luoro-p-phenylene  d i i s o c y a n a t e .  
u s ing  t e t r a  f l u o r  o-m-pheny l e n e  d i i s  ocyana t e ,  i t s  p r e c u r s o r ,  t e t  ref l u o r o  -m- 
phenylenediamine,  was prepared  and phosgenated. The p r e p a r a t i o n  of t e t r a f l u o r o -  
m-phenylenediamine by r e a c t i o n  of p e n t a f l u o r o a n i l i n e  and potass ium pht ha l imide  
was p r e v i o u s l y  r e p o r t e d  (Reference 2 ) .  

A s  more f l e x i b i l i t y  might b e  ob ta ined  by 

Tetrafluoro-m-phenylenediamine was prepa red  i n  48% y i e l d  by r e a c t i o n  of 
hexaf luorobenzene w i t h  aqueous ammonia u s i n g  a m o d i f i c a t i o n  of t h e  Russ i an  
p rocedure  (Reference 1 0 ) .  

F F  
\ /  

" 
n 1 2 ,  

F b  

5 . T e t r a  f luoro-m-r> henv l ene  D i i s  ocvana t e 

2 

Tetraf luoro-m-phenylene d i i s o c y a n a t e  was p repa red  i n  56% y i e l d  by t h e  
r e a c t  i o n  of tetrafluoro-m-phenylenediamine w i t h  ch lo roca rbony l  py r id in ium 
c h l o r i d e  u s i n g  t h e  same procedure  used f o r  t h e  p r e p a r a t i o n  of t h e  para  
d i i s o c y a n a t  e. 

F L F 

The s t a r t i n g  diamine c o n t a i n e d  about 5% of  t h e  pa ra  d iamine .  This mix- 
t u r e  was used because  i t  was be l i eved  t h a t  po lyu re thanes  prepared  from t h e  
mixed d i i s o c y a n a t e  might  be  less c r y s t a l l i n e .  The d i i s o c y a n a t e  prepared  
c o n t a i n e d  t h e  same r a t i o  of meta t o  pa ra  m a t e r i a l s ,  95% meta d i i s o c y a n a t e  
and 5% para  d i i s o c y a n a t e .  The i d e n t i t y  of t h i s  l i q u i d  d i i s o c y a n a t e  was con- 
f i rmed by i t s  i n f r a r e d  spec t rum,  e lementa l  a n a l y s i s ,  and t h e  p r e p a r a t i o n  of 
a d e r i v a t i v e .  Although t h e  e l emen ta l  a n a l y s i s  of t h e  N-methylan i l ine  d e r i v a -  
t i v e  checked,  i t  had a broad me l t ing  p o i n t .  By f r a c t i o n a l  p r e c i p i t a t i o n  of 
t h e  d e r i v a t i v e ,  a s m a l l  amount of a h igh-mel t ing  s u b s t a n c e  was o b t a i n e d  which 
was i d e n t i f i e d  a s  t h e  d i u r e a  of t e t r a f luo ro -p -pheny lene  d i i s o c y a n a t e .  The 
i s o l a t i o n  o f  t h i s  d i u r e a  f u r t h e r  s u b s t a n t i a t e s  t h a t  t h e  impur i ty  i s  t h e  para  
d i i s  ocyana t e. 

6. 1,5-Diiodohexafluoropentane 

1,5-Diiodohexafluoropentane was prepared  i n  good y i e l d  by r e a c t i o n  of 
t h e  d i t o s y l a t e  of hexa f luo ropen taned io l  w i t h  po ta s s ium i o d i d e  i n  r e f l u x i n g  
e t h y l e n e  g l y c o l  s o l u t i o n .  It was i d e n t i f i e d  by  e l e m e n t a l  a n a l y s i s .  
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CH~<- ; ' - -SO~O-CH~ (cF~)~cH~-OSO~-(- , , -CH~ . __ + 2KI j I C H ~  ( c F , ) ~ c H ~ I  
'~>..L 

7. Attempted P r e p a r a t i o n  of Hexafluoropentamethylene D i i s o c y a n a t e  

The at tempted p r e p a r a t i o n  of hexa f l u o r  opentamet hylene  d i i s  ocyanat  e by 
r e a c t i o n  of t h e  d i t o s y l a t e  of h e x a f l u o r o p e n t a n e d i o l  w i t h  potass ium i s o c y a n a t e  
was r e p o r t e d  p r e v i o u s l y  (Reference 1). This  y e a r  two more a t t e m p t s  were made 
t o  p r e p a r e  t h i s  d i i s o c y a n a t e :  by r e a c t i o n  of 1,5-diiodohexafluoropentane 
w i t h  potassium i s o c y a n a t e ,  and w i t h  s i l v e r  c y a n a t e .  N e i t h e r  of t h e s e  methods 
was s u c c e s s f u l .  

I C H 2  (CF2)3CH21 + 2KNCO OCNCH2 (CF2)3CH2NC0 

/ 
+ 2AgOCN 

8. Attempted P r e p a r a t i o n  of Octaf luorohexanediamine 

A s  d i s c u s s e d  p r e v i o u a l y  (Reference 1) , octaf luorohexanediamine  might b e  
conver ted  t o  t h e  cor responding  d i i s o c y a n a t e  by phosgenat ion  more c o n v e n i e n t l y  
t h a n  hexafluoropentanediamine. An a t t e m p t  was made t o  p r e p a r e  o c t a f l u o r o -  
hexanediamine by l i t h i u m  aluminum hydr ide  (LAH) r e d u c t i o n  of  t h e  p r e v i o u s l y  
prepared  (Reference 1 )  per f luoroadipamide .  Only u n r e a c t e d  s t a r t i n g  m a t e r i a l  
was recovered ,  

H2NCH2 (CF )4CH2NH2 

0 0 

H2N-E- (CF2)4-(!!-NH2 + LiAlH4 

9. Attempted P r e p a r a t i o n  of Hexaf l u o r o p i m e l i c  Acid 

The h y d r o l y t i c  i n s t a b i l i t y  of p o l y e s t e r s  prepared  from p e r f l u o r i n a t e d  
a c i d s  was d i s c u s s e d  p r e v i o u s l y  (Reference 2 ) .  C o n s i d e r a t i o n  has  been g i v e n  
t o  t h e  p o s s i b i l i t y  t h a t  p o l y e s t e r s  o f  1 , l - d i h y d r o p e r f l u o r o  a c i d s ,  s u c h  a s  
hexaf luoropimel ic  a c i d ,  might be h y d r o l y t i c a l l y  s t a b l e  and s t i l l  b e  LOX 
compat ib le  (Reference I). One of Narmco's approaches involved t h e  c o n v e r s i o n  
of 1,5 -d i iodohexa f l u o r o p e n t  ane  t o  hexa f l u o r  opime l o n i t  r i l e  , fol lowed b y  
h y d r o l y s i s  t o  hexaf l u o r o p i m e l i c  a c i d .  

Hydrolys is  I CH2(CF2)3CH21 + 2M CWNCCH2(CF2)3CH2 C N  > HOOC-CH2(CF2)3 CH2-COOH 

S e v e r a l  a t t e m p t s  t o  p r e p a r e  3,3,4,4,5,5-hexafluoropimelonitrile and 
p i m e l i c  a c i d  have been d e s c r i b e d  p r e v i o u s l y  (Reference 1). 
were made t o  prepare  t h e s e  compounds by r e a c t  i o n  of 1 ,5-d i iodohexaf luoro-  
pentane  w i t h  sodium cyanide  and copper  (I) c y a n i d e  i n  aqueous methanol ,  

A d d i t i o n a l  a t t e m p t s  
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sodium cyan ide  i n  e t h y l e n e  g l y c o l ,  and t h e  copper (I) cyan ide  i n  N-methyl- 
p y r r o l i d o n e  (NMP) and i n  DMF. No a p p r e c i a b l e  amount of  product  was obta ined  
i n  any of t h e s e  r e a c t i o n s .  

ICH2 (CF2)3CH21 + 2NaCN HOW C H2 (CF ) 3C H2 C OOH 

ICH2 (CF2)3CH21 + 2NaCN NCCH2 (CF2)3CH2CN 

I C H 2  (CF2)3CH21 + 2CuCN NCCH2 (CF2)3CH2CN 

I C H 2  (CF2)3CH21 + 2CuCN NCCH2 (CF2)3CH2CN 

10. Attempted P r e p a r a t i o n  of 4,4,5,5,6,6-Hexafluoronona-1,8-diyne 

Another approach t o  t h e  p r e p a r a t i o n  of hexa f luo rop ime l i c  a c i d  invo lves  
t h e  o x i d a t i o n  of 4,4,5,5,6,6-hexafluoro-nona-lY8-diyne. 

Oxidat i o n  
HC Z -C H2 ( CF2 ) 3C H2 -C H b HOOC-CH2 (CF2)3CH2-COOH 

An a t t e m p t  was made t o  p repa re  t h i s  d i a c e t y l e n e  compouna ~y r e a c c i o n  of a i i o d o -  
hexaf luoropentane  w i t h  sodium a c e t y l i d e  i n  a mixed s o l v e n t  of xy lene  and DMF 
fo l lowing  t h e  procedure  of Rut ledge  (Reference  l l j  . Only un reac ted  d i i o d i d e  
was r ecove red .  

ICH2(CF2)3CH21 + 2 NaCSH H C E C - C ~  (CF2)3CH2-CXH + 2 NaI 

11. Attempted Reac t ion  of 1,5-Diiodohexafluoropentane w i t h  Sodium Methoxide 

Various r e a c t  ions  i n  which d e r i v a t i v e s  of hexa f luo ropen taned io l  have been 
reacted w i t h  t h e  sodium s a l t  of hexa f luo ropen taned io l  made from sodium 
methoxide have y i e l d e d  s m a l l  amounts of product  c o n t a i n i n g  methoxy g roups .  
S i n c e  t h e  sodium s a l t  had been prepared u s i n g  sodium methoxide ,  i t  might have 
con ta ined  sodium methoxide a s  an  impur i ty .  It was s p e c u l a t e d  t h a t  t h e  pro-  
d u c t s  i s o l a t e d  probably  r e s u l t e d  from t h e  r e a c t i o n  of  t h i s  sodium methoxide 
w i t h  e i t h e r  t h e  d e r i v a t i v e  o r  t h e  sodium s a l t .  I n  o rde r  t o  shed some l i g h t  
on t h e  s t r u c t u r e  and t h e  o r i g i n  o f  t h i s  compound, d i iodohexa f luo ropen tane  
was r e a c t e d  w i t h  sodium methoxide i n  DMF. Only un reac ted  s t a r t i n g  m a t e r i a l  
was i s o l a t e d .  
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OCH3 
I / 

DMF ,/ ~ 

/ o r  

/ /  ICH2CF2CF -CF21 ICH2 (CF2) 3CH21 i- NaOCH3 

CH30CH2 (CF2>,CH20CH3 

1 2 .  Attempted P r e p a r a t i o n  of  3,3 ,4 ,4 ,5  ,5,6,6,7,7-Decafluoroazelaic Acid 

Various u n s u c c e s s f u l  a t t e m p t s  t o  p r e p a r e  hexaf l u o r o p i m e l i c  a c i d  have 
been r e p o r t e d  d u r i n g  t h i s  program. T h i s  d i a c i d  would b e  used t o  p r e p a r e  
hydroxyl- terminated p o l y e s t e r s .  Three a t t e m p t s  were made t o  p r e p a r e  an  a c i d  
of s i m i l a r  s t r u c t u r e  , 3,3,4 ,4 ,5,5 ,6 ,6 ,7  ,- /-decaf l u o r o a z e l a i c  a c i d ,  f o r  use  i n  
t h e  p r e p a r a t i o n  o f  p o l y e s t e r s .  

HOOC CH2 (CF ) 5 C H2C OOH 

The p r e p a r a t i o n s  of diethyl-3,7-diketo-4,4,5,5,6,6-hexaf l u o r o a z e l a t e  
and d i e  t hyl -2  , 8-d i c a r b e t  hoxy -3 , 7 -d i k e t  0-4,4 , 5 , 5 , 6,6-  hexa f luoroaze  l a  t e were 
r e p o r t e d  by McBee (Reference 1 2 ) .  

0 0 

0 0  0 0  

C 2 5  H OCCH2C (CF2)3CCH2COC2H5 
It II I1 )I 

0 e(? 11 0 0 
I1 I1 

C1C(CF2)3CC1 i- 2 Na CH(COC2H5) .-> 

The l a t t e r  compound should  b e  c a p a b l e  of c o n v e r s i o n  i n t o  t h e  former compound 
by h y d r o l y s i s  and d e c a r b o x y l a t i o n .  

0 0  0 0  

C2H50CCH2C(CF2)3CCH2COC2H5 
0 0 0 0  
1 II H W  II I II It 

~ C ~ H ~ O C ~ ~ C H C ~ C F ~ ~ ~ C ~ H ~ C O C ~ H ~ ~ ~  (1) iest drolysis > 

This  d i e s t e r  might be conver ted  t o  d e c a f l u o r o a z e l a f c  a c i d  b y  r e a c t i o n  w i t h  
s u l f u r  t e t r a f l u o r i d e ,  fol lowed by h y d r o l y s i s .  
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II I1 I I  II 
C2H50CCH2C (CF ) CCH2COC2H5 > C ~ H ~ ~ C C H ~  (CF,>,CH,COC,H~ 2 3  

! 
Hydro lys i s  1 

The a t t e m p t s  t o  r e p e a t  t h e  p r e p a r a t i o n s  of t h e s e  two d i k e t o a z e l a t e s ,  however, 
were u n s u c c e s s f u l .  

A s i m i l a r  l i n e  of approach would i n v o l v e  t h e  p r e p a r a t i o n  of d i e t h y l - 2 , 2 , -  
8 ,8- t  e t  r a c a r b e t  hoxy -3,7 -d i k e t  o -4,4,5,5 , 6,6 - hexa f l u o r  oaze la  t e. 

0 0  0 0  001 11 II 11 1 
0 0 
1 I 

ClC(CF2)j(!X1 + Na C(COC2H5)3 -b (C2H50C)3CC(CF2)3CC(COC2H5)3 

This  compound should  a l s o  b e  capab le  of be ing  conve r t ed  t o  d e c a f l u o r o -  
a z e l a i c  a c i d  by p a r t i a l  h y d r o l y s i s  and d e c a r b o x y l a t i o n  fol lowed by r e a c t  i on  
w i t h  s u l f u r  t e t r a f l u o r i d e  and h y d r o l y s i s .  

The r e a c t i o n  of p e r f l u o r o g l u t a r y l  c h l o r i d e  w i t h  t h e  s o d i o  s a l t  of t r i -  
ca rbe thoxy  methane a p p a r e n t l y  proceeded as expec ted  s i n c e  a product  was 
i s o l a t e d  whose e l e m e n t a l  a n a l y s i s  checked r easonab ly  w e l l  f o r  t h e  d e s i r e d  
p r o d u c t .  This product  ,however, was v e r y  s u s c e p t i b l e  t o  h y d r o l y s i s  and /o r  
d e c a r b o x y l a t i o n .  On shak ing  w i t h  d i s t i l l e d  w a t e r ,  t h e  product  l o s e s  p r a c t i c a l l y  
a l l  o f  i t s  f l u o r i n e  atoms.  

13. Attempted P r e p a r a t i o n  of Hexaf luo roch lo re tone  

Two u n s u c c e s s f u l  a t t e m p t s  were made t o  p repa re  h e x a f l u o r o c h l o r e t o n e  
by t h e  r e a c t i o n  of hexa f luo roace tone  and ch lo ro fo rm i n  t h e  p re sence  of a b a s e .  

CF 

I 

1 3  
CC l3 -C -OH 

0 
II 

CF3-C-CF 3 + CHCi3  

/ CF3 

This  compound was of i n t e r e s t  because  t h e r e  is  a p o s s i b l i t y  of c o n v e r t i n g  
i t  t o  an  i n t e r e s t i n g  d i a c i d  by r e a c t i o n  w i t h  h e x a f l u o r o p e n t a n e d i o l .  Th i s  
a c i d  cou ld  then  b e  used t o  p repa re  a h igh ly  f l u o r i n a t e d ,  hydroxyl - te rmina ted  
p o l y e s t e r .  A s i m i l a r  series of r e a c t i o n s  s t a r t i n g  w i t h  a c e t o n e  has been 
d e s c r i b e d  by Weizmann and coworkers (References  13 and 14). 
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YF3 YF3 
> HOoC-C-O-CH2(CF ) CH -0-C-COOH KO H 

;F3 

CF3 CF3 CF3 

2 3  2 , 2 CC13-C-OH + HOCH (CF2)3CH20H 
I 2 I 

0 CF3 
If I + 2HOCH2 (CF2)3CH20H __t HOCH (CF ) CH OH 

2 I 2 3  2 

14. Monoacetal of Hexaf luoropentanedio l  and DihvdroDvran 

As d e s c r i b e d  i n  a n  e a r l i e r  s e c t i o n  of t h i s  r e p o r t  on p o l y e t h e r s ,  con- 
s i d e r a b l e  e f f o r t  is  be ing  expended t o  produce hydroxyl - te rmina ted  prepolymers  
by r e a c t i o n  of t h e  hexafluorobenzene-terminated p o l y e t h e r  of hexaf luorobenzene  
and hexaf luo ropen taned io l  w i t h  v a r i o u s  an ions  i n c l u d i n g  t h e  sodium s a l t  of 
hexa f luo ropen taned io l .  One of t h e  r easons  t h i s  has not  been comple te ly  
s u c c e s s f u l  may be  t h a t  an e q u i l i b r i u m  between added sodium s a l t  and t h e  
a l c o h o l  end o f  a capped p o l y e t h e r  l e a d s  t o  f u r t h e r  po lymer i za t ion .  

+=+ H2 

3CH20H 
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F j-p H2 OCH2 (CF2)3CH20Na + HOCH2 (CF2)3CH20H 

X 

One method of avoid ing  t h i s  a d d i t i o n a l  p o l y m e r i z a t i o n  and o b t a i n i n g  a 
comple te ly  hydroxyl- terminated polye ther  might b e  t o  b l o c k  a l l  hydroxyl 
groups on t h e  mixed end group p o l y e t h e r  fol lowed by r e a c t i o n  w i t h  t h e  sodium 
s a l t  of h e x a f l u o r o p e n t a n e d i o l .  One of t h e  most wide ly  used methods of 
b l o c k i n g  hydroxyl  groups is  t h e  format ion  of  an a c e t a l  by r e a c t i o n  w i t h  d i -  
hydropyran.  This  t y p e  of a c e t a l  i s  v e r y  s t a b l e  t o  b a s i c  c o n d i t i o n s ,  b u t  i s  
e a s i l y  removed w i t h  a c i d .  I n  o r d e r  t o  de te rmine  t h e  r e a c t i v i t y  of  t h e  poly-  
e t h e r  a l c o h o l  end groups w i t n  a inyaropyran  ~ I I G  iiir can= uL L I J U L V & J U L r  __._ 
r e s u l t i n g  a c e t a  Is, hexaf luoropentaned io1 was r e a c t e d  w i t h  d ihydropyran  i n  
THF s o l v e n t .  
of t h e  s o l v e n t ,  o n l y  a monoacetal  formed. 

,- * . . - 3 - - - i - - - : "  -c +I..,, 

Even w i t h  a iOOb excess of  d ihydropyran  a t  r e f 1 . z  t z m p e r a t u r e  

The r e a c t i o n  was r u n  a g a i n  u s i n g  excess  d ihydropyran  a s  s o l v e n t .  The r e a c t i o n  
was conducted a t  r e f l u x  tempera ture  f o r  32 hours .  Even under t h e s e  d r a s t i c  
c o n d i t i o n s ,  on ly  t h e  monoacetal  was o b t a i n e d .  

15. Attempted P r e p a r a t i o n  of  Octafluoro-1,5-dibromopentane 

The p r e p a r a t i o n  of  a p o l y e t h e r  by r e a c t i o n  of p e r f l u o r o b u t a d i e n e  w i t h  
h e x a f l u o r o p e n t a n e d i o l  and potassium hydroxide was d e s c r i b e d  e a r l i e r  i n  t h i s  
r e p o r t .  S i n c e  t h i s  po lye t  her  conta ined  u n s a t u r a t i o n  due t o  b a s e s a t a l y z e d  
dehydrof l u o r i n a t i o n ,  work was begun on t h e  p r e p a r a t i o n  of  p e r f l u o r o - l , 4 -  
p e n t a d i e n e .  The p o l y e t h e r  from t h i s  d i e n e  should have c o n s i d e r a b l y  less 
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tendency t o  lose hydrogen f l u o r i d e .  Fol lowing  t h e  p rocedure  of Pac io rek  (Refer -  
ence 5 )  , an  at tempt  was made t o  p r e p a r e  octafluor0-1,5-dibromopentane by 
r e a c t i o n  o f  t r i f l u o r o e t h y l e n e  w i t h  dibromodif  luoromethane , i n  t h e  p re sence  of  
benzoyl  peroxide in  a shak ing  Aminco p r e s s u r e  v e s s e l  a t  120°C. 

BrCF2CHFCF2CHFCF B r  2 CF2Br2 + CHF=CF 

Dehydrobrominat i o n  of t h i s  dibromopentane would y i e l d  t h e  des  i r e d  d i e n e .  None 
of  t h e  d e s i r e d  dibromopentane was o b t a i n e d ,  however. The r e a c t i o n  was 
c a r r i e d  out  i n  a p r e s s u r e  v e s s e l  w i thou t  a g l a s s  l i n e r  and i t  is  p o s s i b l e  
t h a t  t h e  me ta l  w a l l s  of t h e  v e s s e l  could have i n h i b i t e d  t h e  r e a c t i o n .  This  
r e a c t i o n  was repea ted  u s i n g  a g l a s s  l i n e r  i n  t h e  p r e s s u r e  v e s s e l .  Only a 
sma l l  amount of f a i r l y  h i g h  molecular  weight  te lomer  was o b t a i n e d .  

r 1 
CF2Br2 + CHF=CF2 Benzoyl Peroxide  B r C F 4  C H F C F 2 i B r  

S i n c e  p r e p a r a t i o n  o f  t h i s  d i e n e  could b e  accomplished more c o n v e n i e n t l y  from 
an a v a i l a b l e  s t a r t i n g  m a t e r i a l ,  Kel-F a c i d  683, no  f u r t h e r  work was done on 
t h i s  t e l o m e r i z a t i o n  r e a c t i o n .  

16.  Perfluoropenta-1,4-diene 

The p r e p a r a t i o n  of p e r f l u o r o p e n t a d i e n e  from Kel-F a c i d  683 (Reference  15) 
has  been r epor t ed  r e c e n t l y .  This  p r e p a r a t i o n  i n v o l v e s  p y r o l y s i s  of  t h e  
sodium s a l t  of t h e  a c i d ,  fo l lowed by d e c h l o r i n a t i o n  of  t h e  monolef in .  

- +  
> CF2C 1 (CFC 1 -CF2) -COO Na NaOH CF2C 1 (CFC 1-CF2) -COOH 

I 
Kel-F Acid 683 I 

Zn 
2 CF2'CF-CF 2 -CF=CF 2 - CF2C1-CFC1-CF2-CF=CF 

The mono le f in ,  4,5-dichloroperfluoropentene-1, was s u c c e s s f u l l y  prepared  and 
d e c h l o r i n a t e d  t o  y i e l d  perfluoropenta-lY4-diene i n  good y i e l d .  

17 .  Chloropentaf luoro isopropyl  Alcohol  

I n  t h e  r e c e n t  p r e p a r a t i o n  of  chloropentafluoroisopropyl a l c o h o l  (Refer-  
ence l ) ,  t h e  i s o l a t i o n  o f  p u r e  m a t e r i a l  was made d i f f i c u l t  because  monohydro- 
p e n t a f l u o r o i s o p r o p y l  a l c o h o l  was a l s o  formed i n  t h e  r e d u c t i o n  u s i n g  LAH. 
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By u s i n g  sodium borohydr ide ,  p u r e  chloropentafluoroisopropyl a l c o h o l  was 
prepared  i n  63% y i e l d .  The p u r i t y  was e s t a b l i s h e d  by vapor phase chromato- 
graphy and e lementa l  a n a l y s i s .  

0 OH 
II Diglyme I 

CF3-C-CF2C1 + NaBH4 > CF3 -CH-CF2 -C 1 

18. Monosodium S a l t  o f  Hexaf luoropentanedio l  

The p r e p a r a t i o n  of t h e  monosodium s a l t  of hexaf l u o r o p e n t a n e d i o l  u s i n g  
m e t a l l i c  sodium (Reference 1)  and us ing  sodium hydr ide  (Reference 1 )  have been 
d e s c r i b e d .  The monosodium s a l t  was prepared t h i s  y e a r  u s i n g  sodium methoxide.  

HWH2 (CF2)3CH20H + NaOCH3 _____+ NaOCH2 (CF2)3CH20H + CH30H 

There is good evidence t h a t  polymers prepared by i n i t i a t i o n  w i t h  t h e  
sodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  prepared from sodium methoxide a r e  
methoxy (-OCH ) t e r m i n a t e d .  Thus t h e  p u r i t y  of t h e  sodium s a l t  becomes 
s u s p e c t .  3 

I n  a n  a t tempt  t o  e v a l u a t e  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  t h e  i s o l a t i o n  of 
p u r e  monosodium s a l t ,  t h e  p r e p a r a t i o n  was c a r r i e d  out  u s i n g  sodium methoxide 
i n  v a r i o u s  s o l v e n t s .  I n  g e n e r a l ,  t h e  p r e p a r a t i o n  was c a r r i e d  o u t  by adding  
an e x c e s s  of t h e  d i o l  t o  a s l u r r y  of sodium methoxide i n  a p a r t i c u l a r  s o l v e n t .  
The r e a c t i o n  was t h e n  hea ted  and t h e  methanol  formed d i s t i l l e d  o f f ,  t h e o r e t i -  
c a l l y  f o r c i n g  t h e  r e a c t i o n  e q u i l i b r i u m  toward t h e  d e s i r e d  p r o d u c t s .  
o f  t h e  r e a c t i o n  r u n  i n  nonpolar  s o l v e n t s  i n d i c a t e  some unexpected s i d e  pro-  
d u c t s  and r e a c t i o n s .  I n  no c a s e  was t h e  t h e o r e t i c a l  amount of methanol 
r e c o v e r e d .  The i m p l i c a t i o n  i s  t h a t  t h e r e  i s  a r e l a t i v e l y  s t a b l e  molecular  
complex formed e i t h e r  between sodium methoxide and h e x a f l u o r o p e n t a n e d i o l  o r  
t h e  f l u o r i n a t e d  a l k o x i d e  and methanol.  F u r t h e r  ev idence  i n d i c a t e s  t h a t  some 
p o l y m e r i z a t i o n  w i t h  consequent  d e g r a d a t i o n  may occur  when t h e  sodium s a l t  i s  
h e a t e d  t o  tempera tures  above 110°C in  s o l u t i o n  o r  t o  a tempera ture  of 190°C 
i n  a i r .  
which s u b s e q u e n t l y  r e a c t s  w i t h  more a n i o n ,  

R e s u l t s  

One p o s s i b l e  r o u t e  t o  polymer iza t ion  would b e  through t h e  epoxide 

F kOO /O\ 
HOCH CF CF CF-CF2 + NaF 2 2 2  \ h ’  Na 

b e t c .  

The c o n s i d e r a b l e  h e a t  genera ted  is s u f f i c i e n t  t o  degrade  t h e  r e s u l t i n g  
polymer t o  t h e  p o i n t  where no i d e n t i f i a b l e  products  were found i n  t h e  r e a c t i o n  
mass. However, t h e  s u b l i m a t e  from the r e a c t i o n  was determined t o  b e  hexa- 
f l u o r o p e n t a n e d i o l  . 
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When t h e  r e a c t i o n  of hexa f luo ropen taned io l  w i t h  sodium methoxide was 
c a r r i e d  ou t  i n  a p o l a r  s o l v e n t ,  such  a s  d ioxane ,  r e s u l t s  were more c o n s i s t e n t  
w i t h  t h e  expected r e a c t i o n .  The i n s o l u b l e  s a l t  had t o  be washed f r e e  of 
d ioxane  and o the r  contaminants  w i t h  copious q u a n t i t i e s  of d i e t h y l  e t h e r .  
The o v e r a l l  y i e l d  was low, i n d i c a t i n g  incomple te  r e a c t i o n ,  b u t  t h e  product  
i s o l a t e d  appears  t o  be of h igh  p u r i t y .  P o s s i b l y ,  s o l v a t i o n  of t h e  an ion  
p reven t s  t h e  format ion  of  t h e  molecular  complex w i t h  methanol .  

Because of t h e  d i f f i c u l t i e s  encountered  i n  t h e  p r e p a r a t i o n  of pu re  
sodium s a l t  u s ing  sodium hydr ide  o r  sodium methoxide ,  most of t h e  sodium 
s a l t  was prepared t h i s  y e a r  by r e a c t i o n  of hexa f luo ropen taned io l  w i t h  sodium 
meta l  i n  d i - n - b u t y l  e t h e r ,  a method used e a r l i e r  (Reference  2) i n  t h i s  program. 
The sodium s a l t  ob ta ined  was ve ry  p u r e ,  a s  i n d i c a t e d  by i t s  e l emen ta l  
ana l y s i s  . 
19.  Chloropentafluoroisopropyl-3-isocyanato-tetrafluorophenyl Carbamate 

E a r l i e r  in t h i s  r e p o r t ,  t h e  f a i l u r e  of t h e  sodium hydroxide  i n i t i a t e d  
po lye the r  of chloropentafluoroisopropyl a l c o h o l  t o  r e a c t  w i t h  t e t r a f l u o r o - m -  
phenylene d i i s o c y a n a t e  was r e p o r t e d .  A s  d i s c u s s e d  i n  t h a t  s e c t i o n ,  i t  i s  
be l i eved  t h e  s t r u c t u r e  of t h e  p o l y e t h e r  is  a co -po lye the r  having  b o t h  a c i d  
and secondary  a l c o h o l  end g roups ,  and t h a t  t h e  f l u o r i n a t e d  a c i d  groups a r e  
u n r e a c t i v e  toward t h e  f l u o r i n a t e d  d i i s o c y a n a t e .  

O-CH-CF O-CH-C -OH 

This  month ,chloropentafluoroisopropyl a l c o h o l  was s u c c e s s f u l y  r e a c t e d  
w i t h  te t ra f luoro-m-phenylene  d i i s o c y a n a t e  t o  conf i rm t h a t  t h e  a l c o h o l  end 
groups of  t h e  above p o l y e t h e r s  d o  r e a c t  w i t h  t h e  f l u o r i n a t e d  d i i s o c y a n a t e .  

CF2C1 
I II - CF3-CH-O-C-NH 

F 

OH 
I 

CF3-CH-CF2C1 + 
F 

20. 2.3.3.3-Tetrafluoro~ro~ene 

A f l u o r i n a t e d  p o l y e t h e r  which would have some f l u o r i n e  i n  t h e  p o l y e t h e r  
backbone and yet have pr imary a l c o h o l  end groups on b o t h  ends i s  t h a t  from 
2,3,3,3-tetrafluoro-l,2-epoxypropane. Polymer i za t ion  w i t h  t h e  sodium s a l t  
of hexa f luo ropen taned io l  should g i v e  a p o l y e t h e r  w i t h  t h e  d e s i r a b l e  pr imary 
end g roups .  



CH2 
CF3-CF - 

00 
Na OCH2 (CF2)3CH20H 

The p r e c u r s o r  t o  t h i s  epoxide ,  2 , 3 , 3 , 3 - t e t r a f  luoropropene,was prepared i n  
92% y i e l d  by d e i o d o f l u o r i n a t  i o n  of p e n t a f l u o r o p r o p y l  i o d i d e  w i t h  z i n c .  

CF CF CH I + Zn -> CF3CF=CH + ZnIF 3 2 2  2 

The product  was i d e n t i f i e d  by i t s  i n f r a r e d  spec t rum and shown t o  b e  b e t t e r  
t h a n  99% pure by vapor phase chromatography. 

21. Attempted P r e p a r a t i o n  of 2,3,3,3-Tetrafluoro-1,2-epoxypropane 

Three methods were used i n  a n  at tempt  t o  e p o x i d i z e  2 , 3 , 3 , 3 - t e t r a f l u o r o -  
propene.  A r e c e n t  d i r e c t  method (Reference 16) has  been used s u c c e s s f u l l y  
f o r  t h e  e p o x i d a t i o n  of o l e f i n s  s u b s t i t u t e d  w i t h  e l e c t r o n e g a t i v e  groups.  This  
method, which i n v o l v e s  t h e  r e a c t i o n  of h y p o c h l o r i t e  i o n  w i t h  t h e  o l e f i n ,  was 
u n s u c c e s s f u l  w i t h  2 , 3 , 3 , 3- t e t r a  f luoropropene . 

- 
CF -CF- CH2 + C 1  -+ CF -CF=CH2 + O C 1  3 

An a t tempt  was made . t o  epoxid ize  t h s s  o l e f i n  u s i n g  p e r o x y t r i f l u o r o a c e t i c  
a c i d .  None of t h e  d e s i r e d  epoxide was o b t a i n e d .  

An a t t e m p t  was a l s o  made t o  epoxid ize  t h i s  o l e f i n  w i t h  30% hydrogen 
p e r o x i d e  and potassium hydroxide i n  methanol-water s o l u t i o n .  Again none of 
t h e  d e s i r e d  epoxide was o b t a i n e d .  

/ 0 
/ \  

CF 3 -CF=CH2 + H 2 0 2  9 CF3-CF- CH2 

22.  Attempted P r e p a r a t i o n  of 3,3,3-Trifluoro-2-(trifluoromethy1)-1,2- 
epoxypr opane 

Knunyants has r e p o r t e d  (Reference 1 7 )  t h e  p r e p a r a t i o n  of 1 , l - d i p h e n y l -  
2 - (t r i  f l u o r  ome t hy 1 )  -3 , 3 , 3 - t r i  f l u  or 0-  1 , 2 -epoxypr opan e from hexa f l u o r  oac e t  one 
and d i p h e n y l  diazomethane.  

5 3  



CF 
0 3, / , 4 

0 0 
' \  / 

r - - -  \ I1 C '  

0 
CF3-C-CF + 0 2 C N 2  ,/ - \ 

CF3 
3 

Simmons and Wiley have r e p o r t e d  (Reference 18) t h e  p r e p a r a t i o n  of 3 -ch lo ro -  
3,3 - d i  f l u o r  0-2-  ( t  r i  f luoromet hy l  ) - 1 , 2 -epoxypropane from d i c  h l o r o t  e t r a  f l uo ro -  
ace tone  and diazomethane. 

0 
I I  

CF C 1  
2 \ /O\ 3 

-- 'CH2 + N2 I C F ~ C I - C - C F ~ C I  + C H ~ N ~  - 
CF2C1 

An a t t empt  was made t o  p r e p a r e  a s i m i l a r  epox ide ,  3,3,3-trifluoro-2-(trifluoro- 
methyl)-1,2-epoxypropane by r e a c t i o n  of hexa f luo roace tone  w i t h  d iazomethane .  
None of  t h e  d e s i r e d  epoxide was i s o l a t e d .  

23.  Perfluoro-lY2-epoxypropane 

Following a pub l i shed  procedure  (Reference 9)  perfluoro-1,2-epoxypropane 
was prepared  by r e a c t i o n  o f  pe r f luo ropropy lene  w i t h  hydrogen pe rox ide  i n  
b a s i c  s o l u t i o n .  The product  ob ta ined  con ta ined  about  e q u a l  amounts of  epoxide  
and un reac ted  o l e f i n .  The m a j o r i t y  o f  t h e  o l e f i n  
mix tu re  through an  a c e t i c  a c i d  s o l u t i o n  of i o d i n e  

was removed by p a s s i n g  t h e  
monobr omid e . 

m 

CF3-CF=CF + H202 OH u> 
2 

/O\ 
2 CF -CF-CF 3 

24. Attempted P r e p a r a t i o n  of  Pe r f luo ro -2  ,10-dimethy1-3,9-dioxaundecanedioy1 
F l u o r  i d  e 

The p r e p a r a t i o n  o f  d i v i n y l  e t h e r s  by r e a c t i o n  of  pe r f luo ropropy lene  
ox ide  w i t h  ac id  f l u o r i d e s  fol lowed by p y r o l y s i s  o f  t h e  r e s u l t i n g  a c i d  f l u o r i d e s  
or cor responding  a c i d  s a l t s  was r e p o r t e d  r e c e n t l y  (Reference  1 9 ) .  One of 
t h e  e t h e r s  r e p o r t e d  was perfluoropentamethylenebis(perfluoroviny1 e t h e r )  
from p e r f  luoropropylene  ox ide  and p e r f  l u o r o g l u t a r y l  f l u o r i d e .  



C F  OB 
l 3 I J  0 0 C F  

@ @ I 1  I 3  
CS -0-C -CF -0- (CF2 ) -0-CF-C -0 CS LA 

2 4  
CF2=CF-O-(CF ) -0-CF=CF 2 5  

A s t a b l e ,  hydroxyl-termina ted  p o l y e t h e r  might be prepared  by r e a c t i o n  of  t h i s  
d i e t h e r  w i t h  h e x a f l u o r o p e n t a n e d i o l .  

The f i r s t  s t e p  i n  t h e  p r e p a r a t i o n  of t h i s  p o l y e t h e r ,  t h e  p r e p a r a t i o n  of 
p e r f l u o r o g l u t a r y l  f l u o r i d e  was c a r r i e d  out  i n  good y i e l d  u s i n g  an  exchange 
r e a c t i o n  between t h e  a c i d  c h l o r i d e  and sodium f l u o r i d e .  

0 0 0 0 
II S u l f  olane 1 S E b F-C- ( c F ~ ) ~ - C - F  C1-C-(CF2)3-  - C 1  + NaF 

The r e a c t i o n  of  p e r f l u o r o g l u t a r y l  f l u o r i d e  w i t h  p e r f l u o r o p r o p y l e n e  oxide  was 
r u n  a s  r e p o r t e d  i n  t h e  p a t e n t ,  but  none of t h e  d e s i r e d  product  could. be 
i s o l a t e d  . 
25. N,N'-Di-pentaf luorophenyl  P e r f l u o r o g l u t a r a m i d e  

I n  a s e a r c h  f o r  a v e r y  u n r e a c t i v e  c u r i n g  a g e n t ,  work was begun on t h e  
p r e p a r a c i o n  oi a ai -secuuGary Q L L L L ~ ~ ,  LroL'l vLL.LULA..YLI =..---, - _ _ _ _ _ _  f!-:crn- 
pentanediamine.  I n  t h e  f i r ' s t  r o u t e  chosen t o  t h i s  d iamine ,  N,N'-di-penta- 
f i u o r o p h e n y l  p e r f  iuoroglutarai i i ibe w i l l  b e  rcduced t o  the d e s i r e d  p r o d i w t .  
N,N'-di-pentafluorophenyl p e r f l u o r o g l u t a r a m i d e  was prepared  i n  89% y i e l d  
by r e a c t i o n  of  p e r f l u o r o g l u t a r y l  c h l o r i d e  w i t h  p e n t a f l u o r o a n i l i n e  i n  benzene 
s o l u t  i o n .  

I- --I j ?  - - - ~ - z l - - - - - - L .  --.. l-Lfiv- - .  

26 . A t  tempted Prepara  t i  on 0 f N , N  ' -Di-pent a f l u o r  ophenyl  Hexa f l u o r  opent a ne- 
diamine 

The r e d u c t i o n  of N ,N' - d i  -pentaf l u o r  ophenyl p e r f  l u o r o g l u t a r a m i d e  t o  N , N '  - 
d i - p e n t a f l u o r o p h e n y l  hexafluoropentanediamine was a t t e m p t e d  u s i n g  LAH. The 
r e d u c t i o n  d i d  n o t  proceed ,  and 94% of t h e  s t a r t i n g  diamine was r e c o v e r e d .  
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I n  another  a t tempt  t o  p r e p a r e  t h i s  d iamine ,  hexafluoropentamethylene 
d i t o s y l a t e  was r e a c t e d  w i t h  p e n t a f l u o r o a n i l i n e .  
was i s o l a t e d .  

None of t h e  d e s i r e d  product  

F F  F F  

F F  F P  

+ 2 

0 

-S -OH 

0 

II 
il 

27 .  Attempted D e h y d r o f l u o r i n a t i o n  of Viton LM 

Vi ton  A ,  a copolymer of  p e r f l u o r o p r o p y l e n e  and v i n y l i d e n e  f l u o r i d e  i s  
a n  i n t e r e s t i n g  LOX-compatible polymer which has found many u s e s .  This polymer,  
i f  modif ied t o  c o n t a i n  hydroxyl  groups ,  might b e  a u s e f u l  backbone f o r  poly-  
u r e t h a n e  adhes ives .  One p o s s i b l e  r o u t e .  t o  t h i s  t y p e  of hydroxyl -conta in ing  
prepolymer would be by g r a f t i n g  h e x a f l u o r o p e n t a n e d i o l  u n i t s  o n t o  t h e  Vi ton  
polymer. 
groups t o  which hexa f luoropent  a n e d i o l  should add .  

The p a r t i a l  d e h y d r o f l u o r i n a t i o n  of V i t o n  by b a s e  would y i e l d  o l e f i n  

4 F2 -CH-CF YF3 -CF 2k -> Base f CF2 -CH=C .TF3 -CF 2k 
_- d I -  - 

r YF3 1 1 
-> &CF,-C 

I 

Viton  LM (a low molecular  weight  polymer) was t r e a t e d  w i t h  sodium hydroxide 
and w i t h  t r i b u t y l a m i n e  t o  see i f  d e h y d r o f l u o r i n a t i o n  could b e  induced .  I n  
n e i t h e r  c a s e  were t h e r e  any s i g n s  of hydrogen f l u o r i d e  e l i m i n a t i o n .  
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I V .  EXPERIMENTAL 

A .  LOX C o m p a t i b i l i t y  R e s u l t s  

The r e s u l t s  of a l l  LOX c o m p a t i b i l i t y  t e s t s  completed t h i s  y e a r  a r e  
p r e s e n t e d  i n  Table  1. 

B . Polyurethanes 

1, From Hexaf l u o r o p e n t a n e d i o l  

a .  P r e p a r a t i o n  of Poly(hexaf1uoropentamet hylene hexaf luoropenta-  
m e t  hvlene dicarbamat  e )  

0 0 
I I  It 

H2NCH2(CF2)3CH2NH2 -I- C1-C-O-CH2(CF ) CH - 0 - C - C 1  __t 
2 3  2 

H O  1 

- 
(1) S o l u t  ion  Polymer i z a  t ion 

Hexafluoropentamethylene b i s c h l o r o f o r m a t e  (10.1 g ,  0.03 mole) 
was added s l o w l y  w i t h  s t i r r i n g  t o  hexafluoropentanediamine (6.3 g ,  0.03 mole) , 
p y r i d i n e  (5.2 g ,  0.066 mole) ,  and dry e t h y l  a c e t a t e  (50 ml) a t  220-50°C under 
nitrogen. ~ r c e r  a i l  cne Discniororormate naa been added,  rrne s i u r r y  was a 
blood r e d .  It was mixed f o r  1-3/4 hours a t  3O0-5O"C, followed by 4 hours a t  
8O"C, a t  which t i m e  t h e  s l u r r y  had turned a d a r k  g r e e n .  When t h e  r e a c t i o n  
m i x t u r e  was poured i n t o  1 l i t e r  of r a p i d l y  s t i r r e d  w a t e r ,  a b l a c k  o i l  s e t t l e d .  
The w a t e r  was decanted  and t h e  black o i l  d r i e d  i n  a vacuum oven o v e r n i g h t  a t  
90°C. A brown, b r i t t l e  s o l i d ,  11.9 g (84.0% y i e l d ) ,  was o b t a i n e d .  

(2) I n t e r f a c i a l  Polymer iza t ion  

Hexafluoropentamethylene b i s c h l o r o f o r m a t e  (23.6,  0.07 mole) 
i n  methylene c h l o r i d e  (100 ml) was r a p i d l y  added t o  hexafluoropentanediamine 
(14.7 g ,  0.07 mole) and sodium carbomate (14.9 g, 0.14 mole) i n  250 m l  of 
d i s t i l l e d  w a t e r  a t  0°-5"C w i t h  vigorous s t i r r i n g .  The s l u r r y  was t h e n  s t i r r e d  
f o r  2% hours  a t  0"-5°C. The w a t e r  and methylene c h l o r i d e  were decanted  and 
t h e  o i l y  r e s i d u e  d r i e d  overn ight  a t  8O"-10O0C i n  a vacuum oven. 
e l a s t o m e r i c  polyure thane ,  weighing  21.4 g (64.5% y i e l d )  , was o b t a i n e d .  
Twenty specimens of t h e  polymer,  16 m i l s  i n  t h i c k n e s s ,  were submi t ted  t o  MSFC 
f o r  LOX-compatibi l i ty  t e s t i n g  and no r e a c t i o n  o c c u r r e d .  The i n f r a r e d  spectrum 
i s  shown a s  F i g u r e  15. 

A w h i t e  opaque 
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TABLE I 

LOX COMPATABILITY RESULTS 

Name of Polymer 

'oly(hexaf luoropentamethylene 
hexaf luoropentamethylene 
dicarbamate) 

?oly(hexaf luoropentamethylene 
te trach loro-p-xyly lene 
dicarbamate) 

Poly(hexafluoropentamethy1ene 
trtraf luoro-m-phenylene 
dicarbamate) 

Poly(hexafluoropentamethy1ene 
tetraf luaro-p-phenylene 
dicarbamate) 

Poly(hexafluoropentamethy1ene 
hexame thy l ene  d icarbamate) 

Polyurethane of tetrafluoro- 
p-phenylene diisocyanate 
and poly(3,3,3-trifluaro- 
1,2-epoxypropane) 

Polyurethane of tetrafluoro- 
m-phenylene diisocyanate 
and polyether of chloro- 
pentafluoroisopropanol 

Polyurethane of tetrafluoro- 
p-phenylene diisocyanate 
and polyether of chloro- 
pentafluoroisopropanol 

Polyurethane of tetrafluoro- 
p-phenylene diisocyanate 
and poly(hexaf luoropenta- 
methylene carbonate) 

Poly(hexaf luoropentamethylene 
tetrafluoro-p-phenylene 
carbonate) 

Polyether of hexafluorobenrene 
and hexafluoropentanedial 

Polyether of chloropentafluorc 
isopropyl alcohol (Na salt 
of hexafluoropentanediol 
initiated) 

Poly(hexaf luoropentamethylene- 
isophthalete) 

* Energy Level = 10 kg-m unl 

* Fluorine plus chlorine. 

Polymer structure 

H [ 0 -CH-CF FFZC1 JJ O-CH-CF2 YF3 4 CCH2(CF2)3CH20H 

otherwise designated. t LOX sensitivity may be du 
t t  Polymer prepared in THF. 

z 
luorine 

50.7 

47.6* 

42.8 

42.8 

32.4 

46.2 

53.8 

53.8 

45.6 

41.7 

52.8 

57.7 

33.4 

Film 
ihickness, 

mils 

50 
16 

20 

8.5 

Powder 
26 

12 

Powder 

10 

26 

7. 
7. 

17 

." I' 

Powder 
Powder 

15.5-20 

- 
I trapped solvenr 

IDX Results,' 
No. Reactions 

1/17 
1/20 

1/20 

3/20 

1/20 
3/20*** 

6/20 
1/20 (7.6 kg) 
1 /20  ( 5 . 3  kg) 
0/20*** 

17/20 
9/20"* 

5/20t 

11120t 
0120 (7.6 kg) 

19/20*** 
20/20 (7.6 kg-m)*'i* 
14/20 (5.3 kg-m)** 
19 /20  

2/20 
5/20 (Repeat) 

2 f 2 0 t  

2/20t , t t  
0/20tt 
O I P O t t t  

11/20 

** Reported in Annual Suomary Report 11, July 1965. t t t  Polymer prepared ~n perfluorotributylamine 
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The above d e s c r i b e d  polymer was a s e m i s o l i d  when prepared  a t  
5"-1O"C. Samples o f  t h i s  polymer had no  r e a c t i o n s  i n  17 specimens a t  approx i -  
mate ly  50 mi l s  t h i c k  when t e s t e d  f o r  LOX c o m p a t i b i l i t y  by MSFC. 

b .  P r e p a r a t i o n  of  t h e  Prepolymer of Poly(hexafluoropentamethy1ene 
hexafluoropentamet  hylene  d i ca rbamate )  

1. P y r i d i n e  

2 .  Hydrolys is  

0 0 
II II 

H2NCH2 (CF ) CH NH -I- C1-C-O-CH2(CF2)3CH2-O-C-C1 2 3  2 2 

1 TO H H O  

HOCH2 (CF2)3CH2-0tC-N-CH2 (CF2)3CH2-N-C-O-CH2 (CF2)3CH20 3 
I l l  I I 1' 

H 
I X 

Hexafluoropentanediamine (10.5 g ,  0.05 mole) and p y r i d i n e  ( 7 . 9  g ,  
0.10 mole) i n  30 m l  of THF were added t o  hexafluoropentamethylene b i s c h l o r o -  
formate  (20.2 g ,  0.06 mole) i n  70 m l  o f  THF over  a 1-hour p e r i o d  a t  15"-25°C 
w i t h  s t i r r i n g .  
f i l t e r e d  and the  THF removed from t h e  f i l t r a t e .  The r e s i d u e  was e x t r a c t e d  
t h r i c e  w i t h  b o i l i n g  wa te r  and d r i e d  i n  a vacuum oven a t  8O0-1O0"C f o r  8 hours  
t o  y i e l d  20.7 g (80.5%) of  a v i s c o u s  prepolymer.  The hydroxyl  e q u i v a l e n t  
weight was 645215. 

The s l u r r y  was mixed f o r  an  a d d i t i o n a l  2 hours  a t  20"-25"C, 

c .  Attempted P r e p a r a t i o n  of  Poly(hexafluoropentamethy1ene 
p e r f l u o r o g l u t a r y l  d i ca rbamate )  

0 0 0 0 
I 1  (I I I  II Pyr id  i n e  H2N-C(CF ) CNH2 + C1-C-O-CH2(CF2)3CH20-C-C1 2 3  e t h e r  b 

- r o  0 0 0  
I i l  11 II [I 1 

7 CNHC (CF2)3CNHC-O-CH2 (CF ) CH 0- 2 3  2 
I 
- 

Hexafluoropentamethylene b i s c h l o r o f o r m a t e  (16.8 g,  0.05 mole) was 
added over  a 2-hour pe r iod  t o  p e r f l u o r o g l u t a r a m i d e  (11.9 g ,  0.05 mole) and 
p y r i d i n e  (7.9 g ,  0.10 mole) i n  300 m l  o f  anhydrous THF w i t h  v igo rous  
s t i r r i n g .  A g reen i sh -whi t e  p r e c i p i t a t e  formed on a d d i t i o n .  The s l u r r y  was 
s t i r r e d  3 hours a t  room t empera tu re  and t h e n  al lowed t o  s t and  o v e r n i g h t .  
The s o l i d s  were f i l t e r e d  o f f  and t h e  s o l v e n t  s t r i p p e d  from t h e  f i l t r a t e ,  
y i e l d i n g  pe r f luo rog lu ta ramide  (11.8 g ,  99% s t a r t i n g  m a t e r i a l ) .  There was no 
apparent  r e a c t i o n .  



d .  P r e p a r a t i o n  of Poly(hexaf luoropentamethylene t e t r a c h l o r o - p -  
x y l y l e n e  d icarbamate)  

c1 c1 
\ I  

I I I  

I \  c1 c1 

-0-CH2 - 

L i 

To a s t i r r e d  m e l t  o f  tetrachloro-p-xylylene-a,a'-diisocyanate (8.7 g ,  
0.0267 mole) was added hexaf luoropentanedio l  (5.65 g ,  0.0267 mole) under a 
n i t r o g e n  atmosphere.  
was main ta ined  a t  130"-140°C. 
p r e s s  a t  325°F f o r  1 hour a t  5000-lb p r e s s u r e .  The polyure thane  hardened t o  
a b r i t t l e  s h e e t  and could not  be processed.  
t h i c k  were prepared  by means o f  a p e l l e t  mold a t  25,000-lb p r e s s u r e  and sub- 
m i t t e d  f o r  LOX-compatibil i ty t e s t i n g .  
The i n f r a r e d  spectrum i s  shown a s  F i g u r e  16.  

S t i r r i n g  was cont inued f o r  50 minutes  w h i l e  t h e  m i x t u r e  
The mixture  began t o  g e l  and was p laced  i n  a 

Samples approximate ly  20 m i l s  

The polymer had 7 c h a r s  i n  20 specimens.  

e. P r e p a r a t i o n  o f  Poly (hexaf luoropentamet hylene  t e t r a  f luoro-m- 
phenylene  d icarbamate)  

F NCO -/-- 
I 

-I- HOCH2(CF2)3CH20H -5 I 

F k  i 
IX 
I 

Tetrafluoro-m-phenylene d i i s o c y a n a t e  (2.90 g ,  0.0125 mole) and hexa- 
f l u o r o p e n t a n e d i o l  (2.65 g ,  0.0125 mole) were mixed and warmed t o  40°C; a t  t h i s  
t e m p e r a t u r e ,  a c l e a r  s o l u t i o n  was obta ined .  
t h e  s t i r rer  was removed and t h e  tempera ture  r a i s e d  t o  90°C. A f t e r  1 hour a t  
9O"C, t h e  now s o l i d  polymeric  mass was t r a n s f e r r e d  t o  T e f l o n  c a u l  s h e e t s  and 
molded i n t o  a 8.5 m i l  t h i c k  f i l m  by p r e s s i n g  a t  200°F and hold ing  f o r  15 minutes .  
The r e s u l t i n g  c l e a r  b r i t t l e  polymer was broken i n t o  s q u a r e s  and submi t ted  t o  
MSFC f o r  LOX impact t e s t i n g .  
i n  20 t es t s .  

After s t i r r i n g  a few minutes ,  

These 8.5 m i l  t h i c k  specimens had 3 r e a c t i o n s  
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f .  P r e p a r a t i o n  of Poly(hexafluoropentamethy1ene t e t r a f l u o r o - p -  
phenylene d icarbama t e )  

F F  

F F 

I 

Tetraf luoro-p-phenylene  d i i s o c y a n a t e  (16.2 g,  0.07 mole) and hexa- 
f l u o r o p e n t a n e d i o l  (14.8 g ,  0.07 mole) were hea ted  t o  140°C, a t  which t ime t h e  
t empera tu re  of t h e  mix tu re  inc reased  t o  205°C and s o l i d i f i c a t i o n  occur red .  
The polymer was a s t r o n g  b r i t t l e  s o l i d .  It was f i n e l y  p u l v e r i z e d  and sub- 
m i t t e d  t o  MSFC f o r  LOX-compatibi l i ty  t e s t i n g .  
i n  20 specimens.  

The polymer had no r e a c t i o n s  

g .  P r e p a r a t i o n  of Poly(hexafluoropentamethy1ene hexamethylene 
d icarbamat  e )  

HOCH2 (CF2)3CH20H + OCN (CH2) 6NC0 

I: "1 O H  
I1 I 

0-CH- (CF-),CH,O-C-N- (CH,), -N-C 

Jx L L - )  L L V  L 
Hexamethylene d i i s o c y a n a t e  (33.6 g ,  0.2 mole) was added t o  hexa f luo ro -  

p e n t a n e d i o l  (42.4 g, 0.2 mole) a t  75°C over a 20-minute per iod  under n i t r o g e n .  
The m i x t u r e  was hea ted  from 10Oo-180"C in f hour ,  fol lowed b y l - 1 / 4  hours a t  
18O"-19O0C, a f t e r  which t h e r e  was no appa ren t  i n c r e a s e  i n  v i s c o s i t y .  The 
polymer was cooled  and a f i l m  pressed  a t  120°C. Seventy  samples  (18-mils 
t h i c k )  were punched and submi t ted  t o  MSFC f o r  LOX-compatibi l i ty  t e s t i n g .  The 
polymer had 4 r e a c t i o n s  i n  20 specimens a t  1 0  Kg-M; 1 r e a c t i o n  i n  20 a t  
7.6 Kg-M; and 1 r e a c t i o n  i n  20 a t  5.3 Kg-M. 

2. From Te t ra f luo rohvdroau inone  

a .  P r e p a r a t i o n  of Poly(tetraf1uoro-p-phenylene hexaf luo ropen ta -  
met hv lene  d icarbama t e) 

I F F - Ix 
63 



Tetraf luoro-p-phenylene  b i s c h l o r o f o r m a t e  (4.8 g ,  0.016 mole) i n  T W  
(25 ml)  was s lowly added t o  hexafluoropentanediamine (3 .4  g ,  0.016 mole) and 
p y r i d i n e  (2.7 g ,  0.034 mole) i n  THF (75 m l >  w i t h  r a p i d  s t i r r i n g .  P y r i d i n e  
hydroch lo r ide  p r e c i p i t a t e d  a s  t h e  b i s c h l o r o f o r m a t e  was added.  A f t e r  t h e  a d d i -  
t i o n  was completed,  t he  mix tu re  was s t i r r e d  a t  60°C f o r  1 hour ,  t hen  a t  room 
t empera tu re  ove rn igh t .  It was t h e n  poured i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  and 
b o i l e d  f o r  & hour .  The orange-brown s o l i d  ob ta ined  was suspended i n  w a t e r ,  
b o i l e d  f o r  an a d d i t i o n a l  % hour ,  f i l t e r e d ,  washed w i t h  a d d i t i o n a l  w a t e r ,  and 
d r i e d  overnight  i n  a vacuum oven a t  60°C. The orange-brown product  weighed 
4 .9  g 469% y i e l d )  and had a s o f t e n i n g  po in t  of 175"-196"C ( w i t h  darkeninq!) .  
An a t t empt  t o  make a f i l m  i n  a p r e s s  a t  350°F was u n s u c c e s s f u l .  The i n f r a -  
r ed  spec t rum is shown a s  F i g u r e  17. 

b .  P r e p a r a t i o n  of Poly(tetraf1uoro-p-phenylene t e t r a f l u o r o - m -  
phenvlene d icarbamate)  

F F F  F X 

Tetrafluoro-p-hydroquinone (1.8 g ,  0.01 mole) was added t o  t e t r a f l u o r o -  
m-phenylene d i i s o c y a n a t e  (2.3 g ,  0.01 mole) i n  d r y  xy lene  (20 m l ) .  The mix tu re  
was r e f l u x e d  f o r  24 h o u r s ,  Because t h e  i n f r a r e d  spec t rum of t h e  s o l u t i o n  showed 
a s t r o n g  a b s o r p t i o n  a t  4.5 p , , i nd ica t ing  excess  i s o c y a n a t e ,  a n  a d d i t i o n a l  
0.5 g of tetrafluoro-p-hydroquinone was added and r e f l u x  con t inued  f o r  6 hours .  
The r e s u l t i n g  suspens ion  was cooled t o  room t empera tu re ,  f i l t e r e d ,  and t h e  
s o l i d s  washed w i t h  e t h e r .  A f t e r  d r y i n g  i n  a vacuum oven,  t h e  r e s u l t a n t  w h i t e  
powder (4.0 g)  was found t o  be  i n f u s i b l e  below i t s  decomposi t ion p o i n t  of 225°C. 

3 .  From Hydroxyl-Terminated Po lye the r s  

a .  Polyure thane  from Tet ra f luoro-p-phenylene  D i i s o c y a n a t e  and t h e  
Po lye the r  o f  3 ,3 ,3-Tr i f  luoro-l ,2-epoxypropane 

This  po lyu re thane  was prepared  a s  d e s c r i b e d  p r e v i o u s l y  i n  Annual 
Summary Report  11 (Reference 1). Specimens 26 m i l s  t h i c k  showed 1 7  r e a c t i o n s  
i n  20 LOX tes t s .  

b .  From t h e  Po lye the r  of Chloropentafluoroisopropanol (Sodium S a l t  
of  Hexaf luoropentanedio l  I n i t i a t e d )  

(1) Polyure thane  of Te t r a  f luoro-m-phenylene Di i socyana t  e 
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f- CF2C1? CF3 -1 NCO F 
i t  l 

HOCH2(CF2)3CH2-O- CF2-CH-0 -;- CF 2 - C H - O k  H + F- , 
- 'X - 

CF, 1 0 H 
-- c q  '- f 

The p o l y e t h e r  of chloropentafluoroisopropanol having a molecular  
weight of 1900 ( i n i t i a t e d  w i t h  sodium s a l t  of hexa f luo ropen taned io l  (9 .5  g ,  
0.005 mole) and te t ra f luoro-m-phenylene  d i i s o c y a n a t e  (1 .8  g ,  0.0075 mole) 
were mixed a t  90°C. The polymer g e l l e d  i n  a m a t t e r  of  minu te s .  The polymer 
was t h e n  cured i n  a p r e s s  a t  177°C f o r  h hour  t o  v i e l d  a product  which was 
e l a s t o m e r i c  above 65°C but  d i d  not  mel t  below 285°C. 

The above experiment  was r e p e a t e d  a t  a n  NCO-to-OH r a t i o  of 1:l 
and 12-mil t h i c k  specimens s e n t  t o  MSFC f o r  LOX c o m p a t i b i l i t y  t e s t i n g .  This  
polymer had 5 r e a c t i o n s  i n  20 specimens,  p o s s i b l y  due  t o  t r apped  v o l a t i l e s .  

(2)  Po l y u r  e thane  of T e t r a  f l uo r  o -p -pheny l e n e  D i i s  oc ya na t e 

F F  

. 

CF3 I 
-CH-0 

7 0  f- ZL N-C - 

i 

Tetraf luoro-p-phenylene  d i i s o c y a n a t e  (2.7 g ,  0.0117 mole) was 
added t o  t h e  po lye the r  of chloropentafluoroisopropanol of  1790 molecular  
weight  (17.2 g ,  0.0096 mole) a t  90°C. The mass g e l l e d  immediately.  The 
polymer was then cured  i n  a p r e s s  a t  177°C f o r  f hour t o  y i e l d  a s o l i d ,  
i n f u s i b l e  rubber which was p u l v e r i z e d  and submi t t ed  t o  MSFC f o r  LOX compati-  
b i l i t y  t e s t i n g .  I t  had 11 r e a c t i o n s  i n  20 specimens a t  10 Kg-My and no re- 
a c t i o n s  i n  20 specimens a t  7.6 Kg-M. The LOX s e n s i t i v i t y  may be  due  t o  
t r apped  THF i n  t h e  p o l y e t h e r .  
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c .  From t h e  Polye t  her of Chloropentaf luoro isopropanol  (Sodium 
Hvd rox id  e I n  i t  i a  t ed ) 

(1) Attempted P r e p a r a t i o n  of Po lyure thane  of Te t ra f luoro-m-  
phenylene Di i socyana te  

The sodium hydroxide i n i t i a t e d  p o l y e t h e r  of c h l o r o p e n t a f l u o r o -  
i s o p r o p a n o l  @W 366) (.2 g ,  0.0025 mole) and te t ra f luoro-m-phenylene  d i i s o -  
c y a n a t e  (0.9 g, 0.00375 mole) were mixed a t  80°C t o  90°C f o r  72 hours .  There 
was no appa ren t  r e a c t i o n .  Apparent ly  one end of t h e  p o l y e t h e r  f a i l e d  t o  
r e a c t  w i t h  t h e  d i i s o c y a n a t e .  

d .  Attempted P r e p a r a t i o n  of Polyure thane  of Te t ra f luoro-m-phenylene  
D i i s o c y a n a t e  and t h e  Po lye the r  of Hexaf luo ropen taned io l  and 
Hexa f luorobenz  ene 

I 

The p o l y e t h e r  of hexa f luo ropen taned io l  and hexaf luorobenzene  of 
1260 MW (by VPO) (990 hydroxyl equiva lency)  (12.6 g ,  0 .01 mole) and t e t r a -  
fluoro-m-phenylene d i i s o c y a n a t e  (2.9 g ,  0.0125 mole) were mixed a t  80"-130°C 
f o r  3 hours ,  d u r i n g  which t ime the v i s c o s i t y  i n c r e a s e d  s l i g h t l y .  Based on 
t h e  i n f r a r e d  s p e c t r a ,  a l l  of t h e  OH groups had r e a c t e d .  
o c t o a t e  were added and t h e  m i x t u r e  s t i r r e d  f o r  2% hours  a t  120"-130°C. The 
m i x t u r e  remained v e r y  f l u i d  a t  130°C. 
e t h e r s  c o n t a i n  hydroxyl  groups on both ends of t h e  c h a i n .  

Two drops  of  s t annous  

Apparent ly  on ly  a few of t h e  poly-  
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4.  From Hydroxyl-Terminated Polycarbonates  

a .  Polyurethane from Tet ra f luoro-p-phenylene  D i i s o c y a n a t e  and 
Poly  ( hexa f l u o r  opent ame t hy 1 ene c a r b  ona t e )  

This  po lyure thane  was prepared  a s  d e s c r i b e d  p r e v i o u s l y  i n  Annual 
Summary Report I1 (Reference  1). LOX-impact specimens,  26 m i l s  t h i c k ,  had 
1 9  r e a c t i o n s  in  20 t e s t s .  

C .  Po lycarbonates  

1. I s o l a t i o n  and C h a r a c t e r i z a t i o n  of  Poly(tetraf1uoro-p-phenylene 
carbona t e) 

The s o l i d  r e s i d u e  from t h e  f i l t r a t i o n  s t e p  i n  t h e  p r e p a r a t i o n  o f  t e t r a -  
fluoro-p-phenylene-bischloroformate ( d e s c r i b e d  i n  t h e  Monomer S e c t i o n )  was 
b o i l e d  f o r  20 minutes  i n  500 m l  o f  d i s t i l l e d  w a t e r  which had been a c i d i f i e d  
w i t h  20 m l  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The polymer was f i l t e r e d  o f f  
and washed s e v e r a l  times w i t h  d i s t i l l e d  w a t e r ,  fol lowed by two washings w i t h  
hexane. The product  was d r i e d  o v e r n i g h t  i n  t h e  vacuum oven a t  80°C and 
10-mm Hg. 
was evolved a t  200°C. This  subl iming ceased a f t e r  cont inued  h e a t i n g  t o  240°C. 
The m a t e r i a l  simply darkened on f u r t h e r  h e a t i n g ,  u n t i l  a t  400°F t h e  c o l o r  had 
become a tobacco t a n .  The molecular  weight  by VPO could  n o t  b e  determined due 
t o  i n s o l u b i l i t y .  The i n f r a r e d  spectrum i s  shown a s  F i g u r e  18. 

The polymer d i d  n o t  m e l t  below 400"C, b u t  some v o l a t i l e  m a t e r i a l  

Analys i s  : 
% C  % F  - - 

Calcula ted  f o r  C F 0 40.40 36.52 

Found : 39.96 36.52 

7 4 3: 

2 .  P r e p a r a t i o n  of Poly(hexaf  luoropentamet hylene t e t r a  f luoro-p-phenylene 
c a r b o n a t e )  

F F  0 0 
I1 ll P y r  id i n e  

C1-C-O-CH2(CF2)3CH2-O-C-C1 + H G G O H  e t h e r  > 
/ \  

F' F 
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Hexafluoropentamethylene b i s c h l o r o f o r m a t e  (16.8 g ,  0.05 mole) was added 
over  a 2-hour per iod  t o  a s t i r r e d  s o l u t i o n  o f  t e t r a f l u o r o h y d r o q u i n o n e  (9 .1  g ,  
0.05 mole) and p y r i d i n e  (7 .9  g ,  0.10 mole) i n  300 m l  of anhydrous e t h e r ;  a 
w h i t e  p r e c i p i t a t e  formed on a d d i t i o n .  S t i r r i n g  was cont inued  f o r  3 hours  a t  
room tempera ture .  A f t e r  s t a n d i n g  ove rn igh t  , t h e  s o l i d s  were f i l t e r e d  o f f  
and t h e  e t h e r  s t r i p p e d  from t h e  f i l t r a t e ,  y i e l d i n g  1 g of low molecular  weight 
polymer. The r e s i d u e ,  which cons i s  t ed  of pyr  id inium c h l o r i d e  and h i g h e r  
molecular  weight polymer,  was b o i l e d  f o r  30 minutes  i n  1 l i t e r  of d i s t i l l e d  
water  and a c i d i f i e d  w i t h  20  m l  of concen t r a t ed  h y d r o c h l o r i c  a c i d .  The s o l i d  
polymer was f i l t e r e d  o f f  and a g a i n  b o i l e d  (30 minu tes )  i n  1 l i t e r  of  d i s t i l l e d  
w a t e r .  The polymer was f i l t e r e d ,  washed s e v e r a l  times w i t h  w a t e r ,  and d r i e d  
i n  t h e  vacuum oven f o r  3 hours a t  90°C and 5-II~I Hg. A s l i g h t  amount of  t e t r a -  
f luorohydroquinone sublimed out  o f  t h e  polymer.  The weight  o f  po lyca rbona te  
obta ined  was 20 g (90% y i e l d ) .  The me l t ing  range  of  t h e  polymer was 140"-146"C 
and t h e  molecular  weight  a s  determined by vpo,  i n  methyl  e t h y l  k e t o n e ,  was 
5460+170. A p o r t i o n  of t h e  polymer was p r e s s e d  i n t o  a 7 . 5 - m i l  t h i c k  t r a n s p a -  
r e n t  f i l m  a t  290°F and 500-psi  p r e s s u r e .  Samples were punched from t h i s  f i l m  
and submi t ted  t o  MSFC f o r  LOX-compatibi l i ty  t e s t i n g .  The re  were 2 r e a c t i o n s  
o u t  o f  20 specimens t e s t e d .  

This  r e a c t i o n  was r epea ted  and samples 7.5 m i l s  t h i c k  were t e s t e d  f o r  
LOX c o m p a t i b i l i t y .  There were 5 r e a c t i o n s  i n  20 specimens.  The i n f r a r e d  
spec t rum i s  shown i n  F i g u r e  19 .  

Ana lys i s  : % F  - % C  % H  - - 
Calcula ted  f o r  C13H4F1006 : 34.99 0.89 42.59 

Found: 34.64 1.04 41.66 

r\ 

D . Polye t  h e r s  

1. Po lye the r s  from Hexaf luoropentanedio l  

a .  PreDarat ion of High Molecular  Weight Po lve the r  of Hexafluoro-  
benzene and Hexaf l u o r o ~ e n t  aned io l  

(1) From 5-Hydroxyhexa f l u o r  open t oxy- pent  a f l u o r  obenz ene  

Sodium hydr ide  (1.4 g of 53y/0 d i s p e r s i o n  i n  m i n e r a l  o i l ,  
0 .03  mole) was s l u r r i e d  i n  20  m l  of  e t h e r .  5-Hydroxyhexafluoropentoxy-penta- 
f luorobenzene  (11.3 g ,  0.03 mole) was added over  a per iod  o f  10  minutes  and 
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t h e  m i x t u r e  s t i r r e d  f o r  an  a d d i t i o n a l  t hour a t  room t empera tu re .  
was removed and t h e  r e s i d u e  hea ted  f o r  18 hours  a t  100"-110°C. The polymer 
was e x t r a c t e d  twice w i t h  b o i l i n g  w a t e r ,  twice  w i t h  THF, and f i n a l l y  once w i t h  
b o i l i n g  water. The r e s i d u e  was d r i e d  i n  a vacuum oven a t  100°-llO"C f o r  
1% hours  t o  y i e l d  1 . 5  g (10.7%) o f  a rubbe ry ,  brown s o l i d  r e sembl ing  c r e p e  
rubbe r .  This  polymer f a i l e d  t o  f low i n  a hea ted  p r e s s  a t  200°C. 

The e t h e r  

The above experiment was r e p e a t e d .  The polymer was washed w i t h  
l i g r o i n e  in s t ead  of THF t o  g i v e  a brown semiso l id  polymer i n  86% y i e l d .  

(2 )  From Hexafluorobenzene and Hexaf luoropentanedio l  

F F- 

2 3 2 /,y- , 

F' b ' x  

F F  

HOCH2(CF2)3CH20H + d*F + 2KOH +-- CH2(CF ) C H  -O-/< - '\ 1 
/ i 

F 1 

Hexafluorobenzene (18.6 g ,  0 .1  mole ) ,  hexa f luo ropen taned io l  
(21.2 g ,  0 .1  mole) ,  sodium hydroxide (8.0 g ,  0.2 mole) and 150 m l  of DMF were 
hea ted  t o  100°C over  a 15-minute p e r i o d ,  a t  100"-120°C f o r  10 minu tes ,  120"-  
138°C f o r  20 minutes ,  and 138"-142°C f o r  18 hour s .  
and f i l t e r e d .  The r e s i d u e  was washed tw ice  w i t h  hot wa te r  and d r i e d  f o r  
4 hours a t  80°C i n  a vacuum oven t o  y i e l d  0.2 g of r u b b e r y ,  i n s o l u b l e  polymer.  
The polymer did not  s o f t e n  t o  300"C, and was rubbe ry  throughout  t h e  e n t i r e  
t empera tu re  r ange .  

The s l u r r y  was cooled  

The above experiment was r e p e a t e d  us ing  0.29 mole of potassium 
hydroxide .  There was no h igh  molecular  polymer formed. 

b .  P repa ra t ion  of Low Molecular  Weight P o l y e t h e r  of Hexafluoro-  
benzene and Hexaf luo ropen taned io l  

(1) From Monosodium S a l t  of  Hexa f luo ropen taned io l  

F F  
O Q  

HOCH2(CF2)3CH20 Na + F- - F  - 



I Hexafluorobenzene (7.44 g ,  0.04 mole) , t h e  monosodium s a l t  of 
, hexa f luo ropen taned io l  (18.72 g ,  0.08 mole) and DMF (100 ml) were mixed and 

t h e  mass exothermed from 25°C t o  50°C w i t h  t h i c k e n i n g .  A f t e r  t h e  i n i t i a l  
exotherm subs ided ,  t h e  mass became l e s s  v i s c o u s .  It was s t i r r e d  under  n i t r o g e n  
f o r  20 minutes  a t  45"-5O"C, 20 minutes a t  50"-8O"C, 1 hour a t  80"-125"C, 
20 minutes  a t  125"-150°C and 2 hours a t  150"-155°C. A f t e r  c o o l i n g ,  t h e  
s l u r r y  was poured i n t o  wa te r  and t h e  wa te r  decan ted .  The o i l y  r e s i d u e  was 
d i s s o l v e d  i n  e t h e r ,  d r i e d  w i t h  magnesium s u l f a t e ,  and t h e  e t h e r  removed t o  
y i e l d  11.3 g of po lymer ic  m a t e r i a l .  D i s t i l l a t i o n  of v o l a t i l e  m a t e r i a l  (pot 
t empera tu re  r a i s e d  t o  180°C and head t empera tu re  r o s e  t o  120°C) y i e l d e d  a 
r e s i d u e ,  9.5 g, t e n t a t i v e l y  i d e n t i f i e d  a s  a p o l y e t h e r  of t h e  s t r u c t u r e  

I 
I 
~* 

I -  

~ 

t The molecu la r  weight  by VPO w a s  1150550; ( t h e o r e t i c a l  MW = 1106).  

Ana lys i s :  

Ca lcu la t ed  f o r  C 34 H 16 F 30 0 7 :  36.9 1.45 51.5 

Found: 36.90 1.42 50.86 

The d i s t i l l a t e  (bp 1O2"-13O0C/1 mm) is b e l i e v e d  t o  have t h e  fo l lowing  s t r u c t u r e :  

" 7  
HOCH2 (CF2)3CH20 @ 4 C H 3  

F F  

The hydroxyl  e q u i v a l e n t  weight was 381.5k10, t h e o r y  = 390. 

Analys is  : 
% F  - % H  - % C  - 

Calcu la t ed  f o r  C 1 2  H 8 F 10 0 3:  37  .O 2.05 48.8 

Found: 38.81 2 .01  48.92 

The methoxy compounds a r e  b e l i e v e d  t o  have been formed from sodium methoxide 
i m p u r t i e s  i n  t h e  sodium s a l t  of hexaf l u o r o p e n t a n e d i o l .  
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(2) From Hexaf luo ropen taned io l  

Hexaf luoropentanedio1  (106.0 g ,  0.5 mole ) ,  hexaf luorobenzene  
(93.0 g ,  0.5 mole) ,  sod iun  hydroxide (20.0 g ,  0.5 mole) and DMF (300 ml) 
were mixed a t  120°-1300C f o r  6 hours .  After c o o l i n g ,  t h e  s l u r r y  was f i l t e r e d  
and poured i n t o  1 R of w a t e r .  The wa te r  was decanted  and t h e  r e s i d u e  d i s s o l v e d  
i n  e t h e r  and d r i e d  w i t h  magnesium s u l f a t e .  The e t h e r  was removed and t h e  
c rude  product d i s t i l l e d  a t  l - m m  p r e s s u r e .  

c u t  
No. bp @ 1 mm Wt,g OH Equiv W t  MW by VPO Remarks - - 

DMF 

DMF 

-- -- - -  -- 1 

2 

3 110"-130°C 20.2 480 395+-10 377 = t h e o r y  

4 130"-145 "C 23.3 510 

5 145"-160°C 8.0 1020 
6 160"-200°C 13 .O 1670 660 -- 
7 Res idue  27.3 1230 

-- -- -- - -  

- -  - -  
- -  - -  

- -  - -  

Cut No. 3 was i d e n t i f i e d  by i t s  molecu la r  weight  and i n f r a r e d  spec t rum (shown 
a s  F i g u r e  20) , and 5-hydroxypentafluoropentoxy pen ta f luo robenzene .  Cuts  
Nos. 4 through 7 were a p p a r e n t l y  p o l y e t h e r s  o f  t h e  fo l lowing  s t r u c t u r e  w i t h  
v a r y i n g  degrees  of  X .  

F KOCH. (cF2)3cH20&H 

F F  i x  

The i n s o l u b l e ,  h igh  molecular  weight  polymer weighed 3.0 g.  

I n  o r d e r  t o  o b t a i n  h i g h e r  molecular  weight  p o l y e t h e r ,  t h e  re- 
a c t i o n  was r epea ted .  Hexaf luoropentanedio l  (114.5 g ,  0.54 mole) , hexaf luoro-  
benzene (67.0 g ,  0.36 mole) ,  po tass ium hydroxide  (59.5 g ,  1 .08 mole) and 
480 m l  of  DMF were r e f l u x e d  f o r  18 hours .  The product  mix tu re  was poured i n t o  
2 l i t e r s  of d i s t i l l e d  w a t e r ,  t h e  aqueous s o l v e n t  decanted  from t h e  p r e c i p i t a t e d  
m a t e r i a l ,  and e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t s  were combined, d r i e d  over  
anhydrous magnesium s u l f a t e ,  f i l t e r e d ,  and s t r i p p e d  of s o l v e n t ,  y i e l d i n g  56.4 g 
of  a t a n  v i scous  o i l  whose molecular  weight  was 1120550 vy VPO. I t s  hydroxyl  
equ iva lency  was 1500. The r e s i d u a l  s o l v e n t  was s t r i p p e d  from t h e  p r e c i p i t a t e d  
m a t e r i a l  and t h e  r e s i d u e  was shaken w i t h  1 l i t e r  of e t h e r .  The s u p e r n a t a n t  
e t h e r e a l  s o l u t i o n  was s iphoned o f f ,  d r i e d  over  anhydrous magnesium s u l f a t e ,  
f i l t e r e d ,  and s t r i p p e d  under reduced p r e s s u r e  y i e l d i n g  42.5 g of  a v e r y  
v i s c o u s  brown l i q u i d  whose molecular  weight  was 1020f50 by.VP0. I t s  hydroxyl  
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equ iva lency  was 1650. 
y i e l d i n g  15.5 g of brown rubbery  polymer.  This  e l a s t o m e r i c  m a t e r i a l  was 
b o i l e d  i n  500 m l  of  d i s t i l l e d  w a t e r ,  f i l t e r e d  h o t ,  and washed w i t h  an  a d d i t i o n a l  
500 m l  of  water .  It was t h e n  d r i e d  i n  a vacuum oven a t  60°C f o r  1 hour .  

The i n s o l u b l e  s o l i d s  were s t r i p p e d  f r e e  of  s o l v e n t ,  

% F  - % H %c - Analys i s :  

Calcu la ted  f o r  (CllH4F1002)x: 36.87 1.12 53.07 

Found: 36.84 1.26 52.81  

The m a t e r i a l  was formed i n t o  a s h e e t  by p r e s s i n g  a t  200°F and 
8000-lb p r e s s u r e  (approximate ly  200 p s i ) .  Samples 1 7  m i l s  t h i c k  were punched 
from t h i s  shee t  and submi t ted  t o  MSFC f o r  LOX-impact t e s t i n g .  

This polymer had 2 r e a c t i o n s  i n  20 spec imens ,  p robably  due  t o  
t r apped  s o l v e n t .  

There was no r e a c t i o n  when hexaf luorobenzene and hexa f luo ro -  
p e n t a n e d i o l  were mixed i n  DMF a t  150°C f o r  2 hours  i n  t h e  absence  of  b a s e .  

c .  Attempted P r e p a r a t i o n  o f  Po lye the r  Using Sodium Hydride 

F F  
/ 

+ 3 NaH > 

F F  

H { OCH2(CF2)3CH2-0 @ OCH2 (CF2) 3CH20H 
/ I  

F F ,  
X 

i - 
Sodium hydr ide  (13.5 g of a 53yL d i s p e r s i o n  i n  m i n e r a l  o i l ,  0.3 mole) 

was suspended i n  100 m l  o f  e t h e r .  Hexa f luo ropen taned io l  (63.6 g ,  0 .3  mole) 
i n  100 m l  o f  e t h e r  was added and t h e  s l u r r y  mixed f o r  24 hours  a t  room tempera-  
t u r e .  Hexafluorobenzene (18.6 g ,  0.1 mole) i n  100 m l  of e t h e r  was added and 
t h e  s l u r r y  s t i r r e d  f o r  8 hours  a t  room t empera tu re .  There was no  r e a c t i o n .  

d . React ion o f  Low Molecular  Weight P o l y e t h e r  of Hexafluorobenzene 
and Hexaf 1uoroDentanediol  

(1) Attempted P r e p a r a t i o n  of  Completely Hydroxyl-Terminated 
Po lye the r  of Hexafluorobenzene and Hexaf luoropentanedio1  
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00  
+ Na OCH2(CF2)3CH20H _____) 

- e 

Sodium hydr ide  (0.9 g of a 53@ d i s p e r s i o n  i n  m i n e r a l  o i l ,  
0.02 mole) was suspended i n  15 m l  of e t h e r .  Hexaf luoropentanedio l  (42. g ,  
0.02 mole) was added and t h e  r e a c t i o n  s t i r r e d  f o r  17 hours  a t  room tempera ture  
t o  form t h e  mono-sodio s a l t .  The mixed polymer of hexafluorobenzene and hexa- 
f l u o r o p e n t a n e d i o l  ( c o n t a i n i n g  some end groups o t h e r  t h a n  hydroxyl ,  MW = 790, 
hydroxyl  No. = 1010) (7.9 g ,  0.01 mole) i n  20 m l  of e t h e r  was added and t h e  
s l u r r y  s t i r r e d  f o r  8 hours .  The e ther  was t h e n  removed, t h e  r e s i d u e  s l u r r i e d  
i n  w a t e r  and n e u t r a l i z e d .  The o i l  was r e d i s s o l v e d  i n  e t h e r ,  t h e  e t h e r  d r i e d  
w i t h  magnesium s u l f a t e  and t h e  e t h e r  removed t o  y i e l d  4 . 9  g of a v i s c o u s  
oil. The molecular  weight  by VPO was 885-t.50, and t h e  hydroxyl  number was 
810. 
t o  hydroxyl  end groups.  

Apparent ly  o n l y  some of t h e  per f luorophenyl  end groups were conver ted  

(2) Attempted P r e p a r a t i o n  of Tosyl  Ester of Hydroxyl-Terminated 
P o l y e t h e r  of Hexafluorobenzene and Hexaf l u o r o p e n t a n e d i o l  

- 
The p o l y e t  her  o r  hexaf luorobenzene and h e x a f l u o r o p e n t a n e d i o l  

(MW = 1020, OH N o .  = 1615) (15.3 g ,  0.015 mole) was d i s s o l v e d  i n  50 m l  of 
p y r i d i n e .  Para- to luenesul fonyl  c h l o r i d e  ( 3 . 3  g ,  0.017 mole) i n  30 ml of 
p y r i d i n e  was added t o  t h e  p o l y e t h e r  s o l u t i o n  a t  0'-10°C over  a p e r i o d  of 
15 minutes .  The s o l u t i o n  was allowed t o  warm t o  room tempera ture  and mixed 
a t  room tempera ture  f o r  5 hours .  The s o l u t i o n  was poured i n t o  w a t e r ,  n e u t r a l i z e d ,  
and d e c a n t e d .  The r e s i d u e  was d i s s o l v e d  i n  e t h e r ,  d r i e d  w i t h  anhydrous magne- 
sium s u l f a t e ,  and t h e  e t h e r  removed t o  y i e l d  11.6 g of a v i s c o u s  o i l .  Based 
on t h e  i n f r a r e d  spec t rum,  t h e r e  was no r e a c t i o n .  
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e .  P r e p a r a t i o n  of Moderate Molecular  Weight P o l y e t h e r s  

(1) P r e p a r a t i o n  of Hydroxyl-Terminated P o l y e t h e r  of  Hexafluoro-  
benzene and Hexa f luoropentaned i o 1  

Repeated r e a c t i o n s  

Hexafluorobenzene (67 .O g ,  0.36 mole) ,  h e x a f l u o r o p e n t a n e d i o l  
(114.5 g ,  0.54 mole) and potass ium hydroxide (60.5 g ,  1.08 mole) were allowed 
t o  r e a c t  i n  r e f l u x i n g  DMF (500 m l )  f o r  2 hours .  The m i x t u r e  was t h e n  poured 
i n t o  1 l i t e r  of d i s t i l l e d  w a t e r ,  s t i r r e d  v i g o r o u s l y ,  and t h e  aqueous l a y e r  
s e p a r a t e d  and e x t r a c t e d  w i t h  e t h e r .  The p r e c i p i t a t e d  o r g a n i c  p o r t i o n  was 
e x t r a c t e d  w i t h  THF. There was 1.2 g of THF-insoluble h i g h  molecular  weight  
p o l y e t h e r  recovered i n  t h i s  f a s h i o n .  The e t h e r e a l  e x t r a c t  was d r i e d  and 
s t r i p p e d  y i e l d i n g  low molecular  weight polymer (20.3 g ) .  The THF e x t r a c t  was 
d r i e d  and s t r i p p e d  y i e l d i n g  a v e r y  v i s c o u s  brown l i q u i d  (96.5 g) ( A ) .  The 
i n f r a r e d  spectrum of t h i s  hydroxyl- and hexafluorobenzene-terminated p o l y e t h e r  
is  shown i n  F i g u r e  21. 

Polymer (A)  (96.5 g) was a g a i n  r e a c t e d  w i t h  hexaf luoropentane-  
d i o l  and potassium hydroxide ( i n  t h e  r a t i o  of 2:3:6) i n  DMF (300 m l )  a s  above. 
I s o l a t i o n  was a g a i n  accomplished by pour ing  i n t o  w a t e r ,  t a k i n g  up t h e  i n s o l u b l e  
m a t e r i a l  i n  THF, b o i l i n g  t h e  THF s o l u t i o n  w i t h  d e c o l o r i z i n g  c h a r c o a l  and 
f i l t e r i n g .  The THF s o l u t i o n  was t h e n  poured i n t o  w a t e r  (1 l i t e r ) ,  b o i l e d ,  
and c o o l e d .  The water  was d e c a n t e d ,  more w a t e r  added, and t h e  m i x t u r e  r e b o i l e d .  
After c o o l i n g ,  t h e  w a t e r  was decanted  and t h e  r e s i d u a l  w a t e r  removed by d r y i n g  
i n  a vacuum oven a t  5-mm Hg and 70°C. 
was 47 g .  

The y i e l d  of g l a s s y  polymer (compound B )  

Polymer (B) was a g a i n  r e a c t e d  w i t h  h e x a f l u o r o p e n t a n e d i o l  and 
potass ium hydroxide (2:3:6) i n  DMF (300 ml) a s  above. Subsequent workup 
y i e l d e d  25.3 g of g l a s s y  d a r k  brown polymer. Molecular  weight  by VPO was 
2010+20. Equivalent  weight  by hydroxy end groups was 1218. Hence, approxi -  
m a t e l y  f i ve  of every  s i x  c h a i n  ends a r e  hydroxyl  t e r m i n a t e d ,  
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I ( 2 )  P r e p a r a t i o n  of Pentafluorophenyl-Terminated Polye the r  

~ H O C H ~ ( C F ~ ) ~ C H ~ O H  + 3 F - G - F  + 4 KOH 

F F  

F F i  
\-. . / Fl 

Hexafluorobenzene (55.8 g ,  0.30 mole ) ,  hexa f luo ropen taned io l  
(42.4 g ,  0.20 mole) ,  po tass ium hydroxide (22.4 g ,  0.4 mole) and DMF (500 ml) 
were combined, The r e a c t i o n  was exothermic ( t empera tu re  r o s e  t o  54°C).  
S t i r r i n g  was cont inued  overn ight  a t  ambient t e m p e r a t u r e .  The r e a c t i o n  s o l u -  
t i o n  was poured i n t o  2 l i t e r s  of  d i s t i l l e d  w a t e r  (pH of  t h e  r e s u l t i n g  s o l u t i o n  
was 7 ) .  The mix tu re  was a c i d i f i e d  and e x t r a c t e d  w i t h  2 l i t e r s  of  d i e t h y l  
e t h e r .  The e t h e r e a l  e x t r a c t s  were combined and d r i e d  over  magnesium s u l f a t e .  
A f t e r  s t r i p p i n g  t h e  s o l v e n t  under  reduced p r e s s u r e ,  a s l i g h t l y  v i s c o u s ,  p a l e  
t a n  l i q u i d  was recovered  (89.3 g ) .  I n f r a r e d  s p e c t r o s c o p y  i n d i c a t e d  s o l v e n t  
(DMF) contaminat ion .  The m a t e r i a l  was t h e n  b o i l e d  tw ice  i n  d i s t i l l e d  w a t e r .  
A f t e r  t h 2  water  was decan ted ,  t h e  remaining mobi le  l i q u i d  was t aken  up i n  
e t h e r  and d r i e d  over  anhydrous magnesium s u l f a t e .  S t r i p p i n g  t h e  s o l v e n t  under  
reduced p res su re  y i e l d e d  81.4 g (90.3%) of p r o d u c t ,  MW 625+20 (by VPO). 
I n f r a r e d  spec t roscopy i n d i c a t e d  on ly  v e r y  s l i g h t  hydroxyl  t e r m i n a t i o n .  

F i f t e e n  grams of  t h e  p o l y e t h e r  was f r a c t i o n a l l y  d i s t i l l e d  
under  reduced p r e s s u r e  through an 1 8 - i n .  h e l i c e s  -packed , vacuum- j acke ted  
column. 

W t  % 
Boi l ing  Range g S t a r t i n g  

F r a c t i o n  (3 3 mm Hg MW by VPO C o l l e c t e d  P o l y e t h e r  

1 105 387+5 6.7 44.6 

2 162-165 54125 . 3 . 2  21.3 

3 166-168 550+-10 2 .1  14 .O 

4 Pot  Res idue  710220 1.4 9.3 

F r a c t i o n  1, which was a mobile c l e a r  l i q u i d ,  showed a l a r g e  
hydroxy peak ,  a s  would t h e  s imple  e t h e r  below: 

F F  
MW 378 
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Ana l y s i s  : 

C a l c u l a t e d  f o r  Cl1H5Fl1o2: 34.9 1.32 55.4 0 

Found: 35.29 1.25 54.77 1.37 

The n i t r o g e n  found was unexpec ted ,  but can  b e  a t t r i b u t e d  t o  s o l v e n t  (DMF) 
contaminat ion .  

F r a c t i o n s  2 and 3 a r e  t h e  same m a t e r i a l  s i n c e  t h e  e l e m e n t a l  
a n a l y s e s  and i n f r a r e d  s p e c t r a  a r e  v i r t u a l l y  i d e n t i c a l .  They appear  t o  b e  
t h e  s i m p l e  d i e t h e r  below. 

F F  F F  

Mw 544 

% F  

C a l c u l a t e d  f o r  C17H4F1602: 37.5 0.74 56.1 
- % H  - % C  Analys is  : - 

Found F r a c t i o n  2 :  36.5 0.80 56.40 

Found F r a c t i o n  3:  37.15 0.90 55.12 

F r a c t i o n  4 (pot r e s i d u e )  was t h e  p o l y e t h e r  of average  molecular  weight 
-. - 
I i u .  

6T.q i n e  i n f r a  r e d  spectrum of t h i s  penta  f iuvropheny 1 -t ermina t ed 
p o l y e t h e r  i s  shown i n  F i g u r e  22. 

f .  Reac t ions  o f  Pentafluorophenyl-Terminated P o l y e t h e r  of 
Hexaf luorobenzene and Hexa fluoroDentaned i o 1  

(1) With Potassium Hydroxide 
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The pentaf  luorophenyl  te rmina ted  p o l y e t h e r  of  hexaf luorobenzene 
and h e x a f l u o r o p e n t a n e d i o l  (6.0 g ,  0.01 mole) and potassium hydroxide (2.5 g ,  
0.044 mole) i n  100 m l  of d r y  t - b u t y l  a l c o h o l  were mixed f o r  1 hour a t  82°C. 
A f t e r  c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  was poured i n t o  d i s t i l l e d  w a t e r , a c i d i f i e d ,  
and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were combined, d r i e d ,  and 
s t r i p p e d ,  y i e l d i n g  4.2 g of s t a r t i n g  m a t e r i a l .  I n f r a r e d  s p e c t r o s c o p y  i n d i -  
c a t e d  no hydroxyl  t e r m i n a t i o n .  There was no  apparent  r e a c t i o n .  

(2) With Sodium Ethoxide 

F - ! & O C H 2 ( C l ? 2 ) 3 C H 2 N  + C2H50 0 Na 3 ______z C2H50H 

xF 
I I 

Sodium e t h o x i d e  was prepared by adding  sodium m e t a l  (1.4 g ,  
0.06 mole) t o  anhydrous e t h y l  a l c o h o l  (100 m l ) .  This e t h a n o l i c  s c l u t i o n  and 
t h e  p o l y e t h e r  (6.0 g ,  0.01 mole) were r e f l u x e d  (78”C)for  32 h o u r s .  When t h e  
c o o l e d  s o l u t i o n  was poured i n t o  d i s t i l l e d  water  (800 m l ) ,  an emulsion was 
formed. A f t e r  a c i d i f y i n g  w i t h  aqueous h y d r o c h l o r i c  a c i d  , t h e  s o l u t i o n  was 
e x t r a c t e d  w i t h  e t h e r ,  u s i n g  sodium c h l o r i d e  t o  s a l t  out  t h e  o r g a n i c  m a t e r i a l  
The e t h e r  e x t r a c t s  were combined, d r i e d ,  and s t r i p p e d  under reduced p r e s s u r e  
t o  v i e l d  5.2 R of polymer. I n f r a r e d  s p e c t r o s c o p y  showed a c o n s i d e r a b l e  i n -  
c r e a s e  i n  carbon-hydrogen c o n t e n t ,  i n d i c a t i n g  t h a t  t h e  desired product  was 
formed. 

(3) N i t h  A l k a l i  Meta l  S a l t  o f  Ethylene Glycol  

I- F 
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( a )  The monosodium s a l t  o f  e t h y l e n e  g l y c o l  was prepared  by 
r e a c t i n g  sodium m e t a l ( l . 4  g ,  0 .061  mole) w i t h  d r y  e t h y l e n e  g l y c o l  (100 ml) a t  
60°C. The po lye the r  (6 .0  g ,  0.01 mole) was added and t h e  mix tu re  hea ted  t o  
r e f l u x  (176OC). Upon c o o l i n g ,  h ighe r  molecu la r  weight  s t a r t i n g  m a t e r i a l  
p r e c i p i t a t e d  (1.8 g ) .  The s o l u t i o n  was f i l t e r e d  and t h e  g l y c o l  s o l u t i o n  was 
poured i n t o  d i s t i l l e d  water  (500 m l ) .  A f t e r  a c i d i f i c a t i o n ,  t h e  aqueous s o l u -  
t i o n  was e x t r a c t e d  w i t h  e t h e r ,  d r i e d ,  and s t r i p p e d ,  y i e l d i n g  4.7 g of brown 
polymeric  m a t e r i a l .  
w i t h  a consequent i n c r e a s e  i n  carbon-hydrogen c o n t e n t .  F u n c t i o n a l  group 
ana l y s i s  i n d i c a t e s  two a c i d i c  groups p e r  molecule .  

I n f r a r e d  spec t roscopy  i n d i c a t e d  hydroxyl  t e r m i n a t i o n  

(b)  The polye ther  ( 7 . 1  g ,  0.01 mole) and potass ium hydroxide 
(1.40 g ,  0,025 mole) were added t o  e t h y l e n e  g l y c o l  (150 m l ) .  The s o l u t i o n  was 
hea ted  t o  r e f l u x  ( cons ide rab le  da rken ing)  and main ta ined  f o r  18 hour s .  A f t e r  
c o o l i n g ,  t h e  d a r k  brown s o l u t i o n  was poured i n t o  1 l i t e r  of d i s t i l l e d  w a t e r .  
The pH of t he  aqueous mix tu re  a t  t h i s  p o i n t  was 5 .  The mix tu re  was s t i r r e d  
v i g o r o u s l y  and t h e  water  was decanted  from t h e  p r e c i p i t a t e d  s o l i d s .  The 
d a r k  brown polymeric m a t e r i a l  was t aken  up i n  THF, r e f l u x e d  w i t h  c h a r c o a l  
and f i l t e r e d  h o t .  P r e c i p i t a t i o n  was a g a i n  accomplished by pour ing  i n t o  wa te r  
w i t h  r a p i d  s t i r r i n g .  A f t e r  d e c a n t i n g  t h e  w a t e r ,  t h e  o i l y  product  was re-  
d i s s o l v e d  i n  THF, d r i e d ,  f i l t e r e d  and s t r i p p e d .  The y i e l d  of p a l e  brown 
s o l i d  was 2 . 3  g .  

Molecular  Weight (By VPO) = 632 

Hydroxyl Number = 446210 

(c )  The p o l y e t h e r  (7 .1  g ,  0.01 m o l e ) ,  po ta s s ium hydroxide  
(1.40 g ,  0.025 mole) and e t h y l e n e  g l y c o l  (3.1 g ,  0.02 mole) were d i s s o l v e d  
i n  150 m l  of DMF and r e f l u x e d  6 hours .  The workup of t h e  r e s u l t a n t  p a l e  t a n  
s o l u t i o n  was t h e  same a s  o u t l i n e d  above. The y i e l d  of p a l e  brown s o l i d  was 
5.8 g.  

Molecular  Weight (By VPO) = 853 

Hydroxyl Number = 595+10 I ( 4 )  With Sodium S a l t  o f  Hexaf luoropentanedio l  

I -l 

- I" 

HOCH2 (CF2) 

- +) 
2 HOCH2(CF2)3CH20 Na A 

i i 
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Run No. 1. - The p o l y e t h e r  (6.0 g ,  0.01 mole) was d i s s o l v e d  i n  
n - b u t y l  e t h e r  (250 ml) i n  a r e a c t i o n  f l a s k .  Monosodium s a l t  o f  hexaf luoro-  
p e n t a n e d i o l  (7.0 g ,  0.03 mole) was added and t h e  s t i r r e d  m i x t u r e  heated (on 
a s team b a t h )  and maintained a t  94°C f o r  18 hours .  A f t e r  - c o o l i n g ,  t h e  
r e a c t i o n  mixture  was poured i n t o  1 l i t e r  of water  and a c i d i f i e d .  The 9-buty l  
e t h e r  l a y e r  was s e p a r a t e d  and t h e  aqueous s o l u t i o n  e x t r a c t e d  w i t h  d i e t h y l  
e t h e r .  
under reduced p r e s s u r e ,  y i e l d i n g  3.7 g of s t a r t i n g  m a t e r i a l .  

The e t h e r e a l  s o l u t i o n s  were combined, d r i e d ,  and s t r i p p e d  of s o l v e n t  

Run No. 2 .  - R e a c t i o n  1 above was repea ted  u s i n g  t h e  i d e n t i c a l  
p rocedure  and q u a n t i t i e s  w i t h  t h e  except ion  of a change i n  s o l v e n t .  I n  t h i s  
experiment  a m i x t u r e  of  e q u a l  p a r t s  by volume of n - b u t y l  e t h e r  and DMF was 
u t i l i z e d .  Fol lowing t h e  work-up, t h e  r e s u l t a n t  polymer was twice b o i l e d  i n  
d i s t i l l e d  w a t e r  t o  remove entrapped DMF s o l v e n t .  A f t e r  t h e  second w a t e r  
b o i l ,  t h e  polymer m a t e r i a l  was a g a i n  d i s s o l v e d  i n  d i e t h y l  e t h e r ,  d r i e d  and 
s t r i p p e d  of s o l v e n t ,  y i e l d i n g  6.4 g of a brown v i s c o u s  m a t e r i a l .  

Molecular weight (By VPO) = 780k20 

Equivalent  weight by 
hydroxyl d e t e r m i n a t i o n  = 1290k20 

Run No. 3. - The polye ther  (7 .1  g ,  0.01 mole) and t h e  mono- 
sodium s a l t  of hexaf luoropentanedio l  (23.4 g ,  0.1 mole) was added t o  250 m l  
of DMF. The r e a c t i o n  mixture  was heated w i t h  s t i r r i n g  t o  115°C f o r  18 hours .  
Dimethylformamide (200 ml) was d i s t i l l e d  o f f  and t h e  remaining d a r k  brown 
s o l u t i o n  was poured i n t o  b o i l i n g  water .  The p r e c i p i t a t e d  s o l i d s  were f i l t e r e d  
o f f  and d i s s o l v e d  i n  THF. 
t h e  w a t e r  decanted  o f f  and t h e  sol ids  t a k e n  up i n  d i e t h y l  e t h e r ,  d r i e d ,  and 
s t r i p p e d  under reduced p r e s s u r e  a t  80°C. A brown, g l a s s y  polymeric m a t e r i a l  
(6.7 g )  was o b t a i n e d .  

The THF s o l u t i o n  was poured i n t o  b o i l i n g  w a t e r ,  

Molecular  weight (By VPO) = 1440+20 

Hydroxyl number (With 
a c e t  i c  anhydride)  = 940 

(5) With Ammonia 

c 1 

LMW 700 J r  7 

J L 
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The p o l y e t h e r  (14 .0  g ,  0.02 mole) was charged t o  a m e t a l  t u b e  
(2 - in .  ID x 10- in .  l e n g t h ) .  Concen t r a t ed  ammonium hydroxide  (30  ml, 
0.45 mole N H ~ )  was added and t h e  t u b e  and i t s  c o n t e n t s  f r o z e n  i n  l i q u i d  
n i t r o g e n  dur ing  s e a l i n g  (by we ld ing ) .  The s e a l e d  t u b e  was hea ted  t o  500°F 
f o r  18 hours .  Upon opening t h e  t u b e ,  o n l y  carbonaceous m a t e r i a l  was found.  

g .  P r e p a r a t i o n  of F l u o r i n a t e d  P o l y e t h e r  of  P e r f l u o r o b u t a d i e n e  and 
Hexaf luo ropen taned io l  

KO H 
CF2’CF-CF=CF2 4- HOCH2(CF2)3CH20H - 

Hexaf luoropentanedio l  (14.1 g ,  0.066 mole) was d i s s o l v e d  i n  30 ml of  
ace tone ,  then  potass ium hydroxide (1.1 g ,  0.02 mole) was added.  The s o l u t i o n  
was cooled t o  -20°C and p e r f l u o r o b u t a d i e n e  (8 .1  g ,  0.05 mole) was added over  
a 10-minute pe r iod .  The mix tu re  was t h e n  warmed t o  20°C over  a 35-minute 
per iod  and s t i r r e d  f o r  an a d d i t i o n a l  66 h o u r s .  It was t h e n  poured i n t o  w a t e r ,  
whereupon an o i l  s e p a r a t e d  which was d i s s o l v e d  i n  e t h e r .  The water  had a pH 
of 4 ,  i n d i c a t i n g  some loss of hydrogen f l u o r i d e .  The e t h e r  was d r i e d  over  
anhydrous magnesium s u l f a t e ,  t h e n  removed t o  y i e l d  13 .1  g of an  opaque o i l .  
The i n f r a r e d  spectrum (F igure  23) i n d i c a t e d  t h a t  t h e  product  con ta ined  hydroxyl 
groups ,  u n s a t u r a t i o n  and p o s s i b l y  e s t e r  o r  a c i d  groups .  The molecular  weight  
by VPO was 635220. The i o d i n e  number was 60,  i n d i c a t i n g  a n  ave rage  of 1% 
double  bonds per mole. 

h .  Attempted P reDara t ion  of t h e  P o l v e t h e r  o f  HexafluoroDentanedio1 
and Perfluoropenta-l,4-diene 

KOH 
2 3  2 2 2 0 

II 
CH3-C -CH3 

HOCH2(CF ) CH OH 4- CF =CF-CF2-CF=CF .. > 
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Potassium hydroxide (1 .1  g ,  0.02 mole) was d i s s o l v e d  i n  a c e t o n e  
(20 m l ) ,  hexa f luo ropen taned io l  (4 .9  g ,  0.023 mole) added,  and t h e  s o l u t i o n  
cooled t o  -10°C. Pe r f luo ropen taned iene  (4.2 g ,  0.02 mole) a t  0 ° C  was t h e n  
added and the  t empera tu re  of t h e  s o l u t i o n  r o s e  t o  20°C. The s o l u t i o n  was 
then  mixed fo r  S hour a t  - 1 0 ° C  t o  2O"C, % hour a t  20°C t o  r e f l u x ,  t h e n  r e -  
f l uxed  f o r  % hour .  It was t h e n  s t i r r e d  ove rn igh t  a t  room tempera ture  and 
f i l t e r e d .  The i n s o l u b l e  polymer was washed w i t h  w a t e r  and d r i e d  t o  y i e l d  
0.7 g of t a n  e l a s tomer .  The ace tone  was removed from t h e  f i l t r a t e  t o  y i e l d  
7.7 g of a l i g h t  ye l low v i s c o u s  o i l .  

The molecular  weight  (by VPO) was 497,  c a l c u l a t e d  f o r  
C16H17F1304 = 520. 

The i n f r a r e d  spec t rum a t t a c h e d  a s  F i g u r e  24 confirmed t h e  p re sence  
of t h e  carbonyl  and OH groups .  

% F  

Calcula ted  f o r  C H F 0 36.9 3.27 47.5 
- % C  - % H  - Analys i s ;  

16  1 7  13  4:  

Found; 37.74 3.34 47.24 

i. Attempted P r e p a r a t i o n  of  T r i -hexa f luo ropen ty lene  Glycol  

Method 1. - The monosodium s a l t  of  hexa f luo ropen taned io l  (11.7 g ,  
0.05 mole) and 1,5-diiodohexafluoropentane (10.3 g ,  0.025 mole) i n  150 m l  of  
DMF were mixed and r e f l u x e d  f o r  64 hours .  None of t h e  d e s i r e d  product  was 
i s o l a t e d .  

The above r e a c t i o n  was r e p e a t e d  i n  r e f l u x i n g  e t h a n o l  f o r  18 hour s .  
There was no r e a c t i o n .  

Method 2 .  - Sodium methoxide (2.7 g ,  0.05 mole) was suspended i n  
100 m l  of  d r y  d ioxane .  Hexaf luoropentanedio l  (10.6 g ,  0.05 mole) was added 
and t h e  s o l u t i o n  was d i s t i l l e d  through a 30-cm g l a s s  he l ix -packed ,  vacuum 
jacke ted  column. The d i s t i l l a t e  began coming ove r  a t  64°C. A t o t a l  of  8 m l  
of d i s t i l l a t e  was c o l l e c t e d ,  a t  which t ime t h e  head t empera tu re  was 101°C. 
1,5-Diiodohexafluoropentane (10.3 g ,  0.025 mole) i n  150 m l  o f  DMF was added 
and t h e  s o l u t i o n  was r e f l u x e d  f o r  64 hours .  The d a r k  brown s o l u t i o n  was 
cooled  and t h e  s o l v e n t  s t r i p p e d  under  reduced p r e s s u r e .  Aqueous potass ium 
hydroxide ,  (2N 100 m l )  was added and t h e  m i x t u r e  e x t r a c t e d  t h r e e  t i m e s  w i t h  
.50 m l  p o r t i o n s  o f  carbon t e t r a c h l o r i d e .  Only a d a r k  brown o i l  (4.2 g)  of 
i n d e t e r m i n a t e  s t r u c t u r e  was recovered .  Vacuum d i s t i l l a t i o n  y i e l d  no d e s i r e d  
m a t e r i a l .  
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j . Attempted P r e p a r a t i o n  of Poly(hexaf  luoropentamet hylene e t h e r )  

(1) From 1,5-Diiodohexafluoropentane 

HOCH2 (CF2)3CH20H + ICH2(CF2)3CH21 +2KOH 

Hexaf l u o r o p e n t a n e d i o l  (5.3 g ,  0.025 mole) , l Y 5 - d i i d o h e x a f  l u o r o -  
pentane  (10.8 g ,  0.025 mole) and potass ium hydroxide  (2 .8  g ,  0.05 mole) were 
r e f l u x e d  i n  30 m l  of DMF f o r  20 hours .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  
was poured i n t o  500 m l  of d i s t i l l e d  w a t e r .  The brown o i l  which s e t t l e d  was 
e x t r a c t e d  w i t h  e t h e r  and t h e  e t h e r  s o l u t i o n  d r i e d  over  anhydrous magnesium 
s u l f a t e .  
which was i d e n t i f i e d  by i t s  i n f r a r e d  spectrum and i o d i n e  a n a l y s i s  a s  u n r e a c t e d  
l Y 5 - d i i o d o h e x a f  luoropentane .  

Evaporat ion o f  t h e  e t h e r  y i e l d e d  10.6 g of a v i scous  brown o i l ,  

(2) From Poly(hexaf  luoropentamethylene c a r b o n a t e )  

H + H ~ ( C F  ) CH o -  - H 
- 2 3  .Ix 

The monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  was prepared  by 
r e a c t i o n  of hexaf luoropentanedio l  w i t h  sodium meta l  i n  r e f l u x i n g  d i - n - b u t y l  
e t h e r  f o r  2 hours .  The sodium s a l t  t h u s  formed was used ,  wi thout  f u r t h e r  
p u r i f i c a t i o n ,  t o  c a t a l y z e  t h e  a t tempted  d e c a r b o x y l a t i o n  of t h e  p o l y c a r b o n a t e .  

Poly(hexafluoropentamethy1ene c a r b o n a t e )  (1.854 g ,  MW 700) was 
d i s s o l v e d  i n  20 m l  of r e f l u x i n g  d i - n - b u t y l  e t h e r ,  and f r e s h l y  prepared mono- 
sodium s a l t  (0.23 g ,  0.001 mole) was added. Ref luxing  was cont inued  f o r  
6 h o u r s .  A f t e r  c o o l i n g ,  t h e  e t h e r e a l  s o l u t i o n  was e x t r a c t e d  w i t h  two 200-ml 
p o r t i o n s  o f  d i s t i l l e d  w a t e r .  The nonaqueous l a y e r  was s e p a r a t e d  and d r i e d  
over  anhydrous magnesium s u l f a t e .  The i n f r a r e d  spec t rum of t h e  product  was 
i d e n t i c a l  w i t h  t h a t  of t h e  s t a r t i n g  m a t e r i a l .  A d r y i n g  t u b e  f i l l e d  w i t h  
A s c a r i t e  showed no i n c r e a s e  i n  weight d u e  t o  carbon d i o x i d e  a b s o r p t i o n .  

k . Prepara t i o n  of Poly (d i f  l u o r  omet h y l e n e  hexa f luoropent  a - 
methvlene e t h e r )  

( 0  
I I  

-- O-C-O-CH2 (CF ) 2 3  
+ 

I - 
! 

 SF^ 4 1 O - C F ~ - O - C H ~ ( C F  ) C H  + 2 3  2 
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(1) A s t a i n l e s s  s t e e l  p re s su re  v e s s e l  w i t h  75-ml c a p a c i t y  was 
I charged  w i t h  10 g of poly(hexafluoropentamethy1ene c a r b o n a t e )  having a 

molecu la r  weight of 1550. The v e s s e l  was evacua ted ,  cooled i n  l i q u i d  n i t r o g e n ,  
and 9 . 1  g of s u l f u r  t e t r a f l u o r i d e  and 0.2 g of boron t r i f l u o r i d e  were in t roduced .  
The r e a c t a n t s  were hea ted  i n  a rocker  f o r  16 hours a t  150°C. The v e s s e l  was 
cooled  and t h e  excess  s u l f u r  t e t r a f l u o r i d e  and boron t r i f l u o r i d e  were vented 
t o  t h e  a i r .  The r e a c t i o n  product  was  washed t h r e e  t imes  w i t h  w a t e r ,  d i s s o l v e d  
i n  e t h e r  and t h e  e t h e r  s o l u t i o n  d r i ed  and evapora t ed .  The v i s c o u s  l i q u i d  
r ecove red  weighed 7.3 g and had a n  i n f r a r e d  spec t rum s i m i l a r  t o  t h a t  of t h e  
s t a r t i n g  m a t e r i a l .  I t s  e l emen ta l  a n a l y s i s  , however, checked f o r  t h e  d e s i r e d  
p o l y e t h e r .  The molecu la r  weight  (by VPO) was 794. 

' 
~' 

% F  - % H - % C  Ana l y s i s  : - 
C a l c u l a t e d  f o r  C6H4F802: 27.8 1.54 58.4 

Found: 27.7 1.56 59.6 

2 .  Po lymer i za t ion  of Chloropentafluoroisopropanol 

a .  Sodium Hydroxide I n i t i a t e d  

(1) I n  Te t r ahydro fu ran  

~hlnnrnnnntsF1rtnrniQnnrnnPnnl  f l A  'i u n.1 mnle!  W R ~  r l i n n n l v e d  
- r  - - - - -  - -  - . .  " l  

- --- - - 
i n  50  m l  of THF. Sodium hydroxide  (4.0 g ,  0.1 mole) was added over a 15-minute 
period w i t h  mixing,  t h e  t empera tu re  be ing  kept  a t  20"-40°C. The s l u r r y  was 
mixed a t  20"-25°C f o r  1% h o u r s ,  heated t o  55°C over a %-hour p e r i o d ,  t hen  
c o o l e d ,  The s l u r r y  was f i l t e r e d  t o  r e c o v e r  5 .3  g o f  sodium c h l o r i d e  (77.0% 
y i e l d ) .  The f i l t r a t e  was poured i n t o  300 m l  of w a t e r .  The water  was decanted  
and t h e  r e s i n o u s  o i l  d i s s o l v e d  i n  e t h e r  and d r i e d  w i t h  magnesium s u l f a t e .  
The aqueous l a y e r  con ta ined  no f l u o r i d e  i o n .  The e t h e r  was removed t o  y i e l d  
10.2 g of p a l e  ye l low,  opaque, v i scous  polymer. The molecular  weight  by VPO 
was 4240+50. 
was 520+-15. The e l emen ta l  a n a l y s i s  was: % C = 27.94, X H = 1.84 ,  % C 1  = 3.34 
and % F = 53.78.  The i n f r a r e d  spectrum ( F i g u r e  25) i n d i c a t e d  t h a t  product  
p robab ly  was an  a c i d  t e rmina ted  p o l y e t h e r .  

The hydroxyl  equ iva len t  was >7700; t h e  n e u t r a l i z a t i o n  e q u i v a l e n t  

(2) I n  E t h e r  

Run No. 1. - Sodium hydroxide (2 .0  g ,  0.05 mole) was s l u r r i e d  
i n  20 m l  of e t h e r .  Chloropentafluoroisopropanol (> 97% p u r e ;  9.3 g ,  0.05 mole) 
was d i s s o l v e d  i n  15 m l  of e t h e r .  On d i s s o l u t i o n ,  t h e r e  was an exotherm,  
i n d i c a t i n g  t h a t  t h e  a l c o h o l  a p p a r e n t l y  forms a complex w i t h  t h e  e t h e r .  The 
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a l c o h o l  s o l u t i o n  was added t o  t h e  base over  a 10-minute p e r i o d  w i t h  mixing 
a t  27"-35"C. The s l u r r y  was s t i r r ed  f o r  1 6  hours a t  25"-3O"C, d u r i n g  which 
t i m e  i t  became c l e a r ,  t h e n  turned  t u r b i d .  The s l u r r y  was t h e n  f i l t e r e d ,  t h e  
s o l u t i o n  d r i e d  w i t h  anhydrous magnesium s u l f a t e ,  and t h e  e t h e r  removed t o  
y i e l d  4 . 9  g (66.2%) of polymer. The molecular  weight  (determined by VPO) 
was 5700+100. Analys is :  

% F  % c1 - % H  - % C  - 
C a l c u l a t e d  f o r  copolymer of 

C3HF50 and C3HF4C10 

i n  r a t i o  of 4 : l :  23.8 0.66 60.5 4 .3  

i n  r a t i o  of 3 : l :  23.7 0.66 59.7 5.4 

Found: 24.0 0.89 57.21 4.69 

A d d i t i o n a l  Runs (General P r o c e d u r e ) .  - C h l o r o p e n t a f l u o r o i s o -  
propanol  was added over a 10-minute per iod  t o  t h e  powdered sodium hydroxide 
i n  e t h e r .  The s l u r r y  was mixed f o r  19 hours a t  25"-35"C, t h e n  f i l t e r e d  and 
t h e  e t h e r  removed t o  y i e l d  t h e  polymer. T a b l e  2 c o n t a i n s  t h e  r e s u l t s  of  t h e  
p o l y m e r i z a t i o n  a t  t h r e e  d i f f e r e n t  s t o i c h i o m e t r i c  l e v e l s .  

TABLE 2 

EFFECT OF STOICHIOMETRY ON THE MOLECULAR WEIGHT OF 
POLYETHER OF CHLOROPENTAFLUOROISOPROPANOL - 

SODIUM HYDROXIDE INITIATED 

I I I I I 

I Sodium Hydroxide - 1 Y i e l d ,  1 MW by I 1 Chloropenta  f luoro-  
1 i s o p r o p a n o i  - 
I E q u i v a l e n t s  I 

1 .o 
1 .o 0.8 

b .  Monosodium S a l t  of HexafluoroDentanediol  I n i t i a t e d  

OH 
I 0 0  ~ 

CF3 -CH-CF2C 1 + HOCH2 (CF2) 3CH2 -0 Na -> 

OCH2 (CF2)3CH20H 

c 
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(1) P r e p a r a t i o n  of High Molecular  Weight P o l y e t h e r  i n  T e t r a h y d r o f u r a n  ' 

Chloropentafluoroisopropanol (13.0 g ,  0.07 mole) and t h e  mono- 
sodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  (16.4 g ,  0.07 mole) i n  THF (50 ml)  were 
mixed f o r  1 hour a t  room t e m p e r a t u r e ,  t h e n  1 2  hours  a t  r e f l u x .  The THF was 
removed and t h e  r e s i d u e  washed r e p e a t e d l y  w i t h  hot w a t e r ,  t h e n  d r i e d  a t  
100°C f o r  3 hours i n  a vacuum oven t o  y i e l d  7.0 g (67.5%) of polymer. Samples 
of t h i s  polymer, 12 m i l s  t h i c k ,  were punched and submi t ted  t o  MSFC f o r  LOX 
c o m p a t i b i l i t y  t e s t i n g .  The polymer had 2 r e a c t i o n s  out  of  20 specimens 
t e s t e d ,  probably caused by t rapped  THF. 

I n  order  t o  recheck  t h e  LOX d a t a  o b t a i n e d  above ,  a d d i t i o n a l  
p o l y e t h e r  was prepared  a s  fo l lows:  

Chloropentafluoroisopropanol (37.0 g ,  0.2 mole) was added t o  
t h e  monosodium s a l t  of h e x a f l u o r o p e n t a n e d i o l  (46.8 g ,  0.2 mole) i n  THF (150 ml) 
over  a 15-minute p e r i o d .  The s l u r r y  was mixed f o r  18 hours  a t  70"-8O"C, t h e n  
f i l t e r e d .  The THF was removed from t h e  f i l t r a t e  and t h e  r e s i d u e  e x t r a c t e d  
t h r i c e  w i t h  b o i l i n g  benzene. The r e s i d u e  was t h e n  d r i e d  i n  a vacuum oven a t  
14O0-15O"C f o r  24 hours t o  y i e l d  13.9 g (47%) of an  i n s o l u b l e  rubber  which d i d  
not  m e l t  o r  d i s s o l v e  when heated t o  300°C. 

Analys is  : 

C a l c u l a t e d  f o r  Copolymer 
of C3HF50 and C3HF4C10 

% C  % H  % F  % C l  - - -  

r a t i o  o f  1 4 : l :  24.1 0.7 62.9 1.6 

Found: 25.5 1.0 57.7 1.5 

The hard rubber was ground i n t o  a powder and had no r e a c t i o n s  i n  20 specimens 
Qhen t e s t e d  by MSFC f o r  LOX c o m p a t i b i l i t y .  

(2 )  P r e p a r a t i o n  of High Molecular  Weight P o l y e t h e r  i n  
Per f l u o r o t r i b u t  ylamine 

Chloropentafluoroisopropanol (61.0 g ,  0.33 mole) was added t o  
a s l u r r y  of the monosodium s a l t  o f  h e x a f l u o r o p e n t a n e d i o l  (77.0 g ,  0.33 mole) 
i n  200 m l  of p e r f l u o r o t r i b u t y l a m i n e  over  a 5-minute p e r i o d .  
agglomerated,  t h e n  d i s p e r s e d  w i t h  r a p i d  a g i t a t i o n .  The m i x t u r e  was s t i r r e d  
f o r  18 hours  a t  75"-85"C. It was t h e n  c o o l e d ,  t h e  s o l v e n t  d e c a n t e d ,  and t h e  
r e s i d u e  washed t h r i c e  w i t h  hot  w a t e r .  The r e s i d u e  was d r i e d  i n  a vacuum 
oven a t  80"-100"C f o r  8 h o u r s ,  followed by 1 6  hours a t  120"-130°C t o  y i e l d  
6.3 g (13.7%) of an  i n f u s i b l e  i n s o l u b l e  polymer. T h i s  polymer was p u l v e r i z e d  
and t h e  powder had no r e a c t i o n s  i n  20 specimens when t e s t e d  f o r  LOX compati-  
b i l i t y  by MSFC. 

The s l u r r y  
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(3) P r e p a r a t i o n  of Moderate Molecular  Weight P o l y e t h e r s  

Chloropentafluoroisopropanol (13 .O g ,  0.07 mole) ,  t h e  sodium 
s a l t  of hexaf luoropentanedio l  and THF (50 ml) were mixed a t  65°C t o  70°C f o r  
24 h o u r s ,  followed by 24 hours a t  25 "C . The THF was removed and t h e  r e s i d u e  
washed t h r i c e  w i t h  b o i l i n g  w a t e r .  The r e s i d u e  was t h e n  d i s s o l v e d  i n  e t h e r ,  
d r i e d  w i t h  magnesium s u l f a t e ,  and t h e  e t h e r  removed. The r e s u l t s  a r e  shown 
i n  Table  3 .  The i n f r a r e d  spec t rum i s  shown i n  F i g u r e  26. 

TABLE 3 

EFFECT OF STOICHIOMETRY ON THE MOLECULAR WEIGHT OF 
POLYETHER OF CHLOROPENTAFLUOROISOPROPANOL - 

MONOSODIUM SALT OF HEXAFLUOROPENTANEDIOL INITIATED 

Chloropent a f l u o r  0- 
is ,opropanol - 
Equiva len ts  

1 .o 
1.0 

1 .o 

Y i e l d ,  
i! 

30.8 

~ I 30.7 62 .O 

Hexa f luoropent  aned i o 1  - 
Monosodium S a l t  of 

Equiva len ts  

1.2 

1.0 

0 .8  

MW by 
VPO 

When d i e t h y l  e t h e r  was used a s  a replacement f o r  THF a s  t h e  
s o l v e n t ,  no r e a c t i o n  occurred .  

c . Cross l i n k i n g  of Polye t  her  of Chloropentafluoroisopropyl Alcohol  

4- H NCH C H  -NHCH2-CH2-NH-CH2CH2NH2 -> polymer 2 2 2  

The p o l y e t h e r  of ch lo ropen ta f luo ro i sopropy l  a l c o h o l  (2 .O g)  MW 7850 
(prepared  by NaOH i n i t i a t i o n . )  was d i s s o l v e d  i n  e t h e r  (20 ml) and 3 d r o p s  o f .  
t r i e t h y l e n e t e t r a m i n e  was added. The e n t i r e  s o l u t i o n  g e l l e d  immediately.  
The e t h e r  was removed i n  a vacuum oven a t  40"-50°C t o  y i e l d  a n  e las tomer  
which d i d  n o t  m e l t .  

3 .  Attempted Polymer iza t ion  of Perfluoro-1,2-epoxypropane 
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a .  With Base 

A mixture  of p e r f l u o r o p r o p y l e n e  and p e r f  luoro-l ,2-epoxypropane (6 .O g) 
was t r a n s f e r r e d  t o  a bomb c o n t a i n i n g  0.1 g of p u l v e r i z e d  potass ium hydroxide 
and was l e f t  s t a n d i n g  f o r  4 days .  There was no r e a c t i o n .  

Ten grams of t h e  mixture  of p e r f l u o r o p r o p y l e n e  and t h e  epoxide was 
condensed and cooled t o  -80°C and 1 m l  of a s a t u r a t e d  s o l u t i o n  of  sodium 
c y a n i d e  i n  DMAC was added. The s o l u t i o n  was mixed a t  -80°C f o r  3 hours .  
There was no r e a c t i o n .  

The p e r f l u o r o p r o p y l e n e  and perfluoro-1,2-epoxypropane mixture  
(10.0 g) was condensed i n  a bomb c o n t a i n i n g  0.1 g of  p u l v e r i z e d  potassium 
hydroxide .  The bomb was heated f o r  8 days a t  l O O " - l l O " C .  Based on t h e  
i n f r a r e d  spectrum o f  t h e  o f f - g a s e s ,  a s u b s t a n t i a l  amount of t h e  epoxide had 
r e a r r a n g e d  t o  t h e  a c i d  f l u o r i d e .  The r e s i d u e  i n  t h e  bomb was d i s s o l v e d  i n  
e t h e r ,  washed w i t h  water  and t h e  e t h e r  d r i e d  w i t h  magnesium s u l f a t e .  The 
e t h e r  was removed t o  y i e l d  1.2 g of c r y s t a l l i n e  m a t e r i a l  which was not  t h e  
d e s i r e d  product .  

Per f  luoropropylene  oxide  was prepared by t h e  method d e s c r i b e d  p r e -  
v i o u s l y .  The mixture  of  per  f luoropropylene  oxide  and p e r f l u o r o p r o p y l e n e  
was passed through an  a c e t i c  a c i d  s o l u t i o n  of i o d i n e  monobromide t o  remove 
t h e  m a j o r i t y  of t h e  o l e f i n .  Per f luoropropylene  oxide  (10.1 g )  was condensed 
i n t o  a s t e e l  bomb c o n t a i n i n g  aluminum c h l o r i d e  (1.7 g ) .  This mixture  was 
hea ted  f o r  60 hours a t  110"-115"C. The only  product  was p e r f l u o r o p r o p i o n y l  
f l u o r i d e  r e s u l t i n g  from rearrangement of t h e  epoxide .  

0 0 
H 

CF,CF,-C-F 
&\ 

- Y J +  
CF,-CF - CF - A 

E .  Monomers 

1. P r e p a r a t i o n  of  T e t r a f  luoro-p-phenylene-bischloroformate 

+ 2COCl* + 2Q-P 
'N' 

c1 
0 F F O  

-;-o$=J-o-L 
F' F F b  

+ 2 
0 
1 

Phosgene (1.05 mole) was condensed i n t o  1000 m l  of anhydrous e t h e r  a t  
-60°C i n  t h e  r e a c t i o n  v e s s e l  of t h e  phosgenat ion  a p p a r a t u s .  P y r i d i n e  (43.4 g ,  
0.55 mole) ,  i n  150 m l  o f  e t h e r ,  was added t o  t h e  s t i r r e d  s o l u t i o n  over  a 
30-minute p e r i o d .  The c h a r a c t e r i s t i c  ye l low p r e c i p i t a t e  of ch lorocarbonyl  
p y r i d i n i u m  c h l o r i d e  which formed was s t i r r e d  f o r  a n  a d d i t i o n a l  15 minutes  t o  
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ensure  a f i n e l y  d i s p e r s e d  s l u r r y .  Te t ra f luorohydroquinone  (45.5 g ,  0.25 mole) 
i n  250 ml of e t h e r ,  was added t o  t h e  s t i r r e d  s l u r r y  a t  -60°C over  a 2-hour 
p e r i o d .  
t h e  s t i r r i n g  cont inued f o r  3 hours .  
c h l o r i d e  and poly( te t ra f1uoro-p-phenylene  c a r b o n a t e )  was f i l t e r e d  o f f  w i t h  
t h e  a i d  of s u c t i o n .  The f i l t r a t e  s tood  overn ight  and t h e n  was s t r i p p e d  of 
v o l a t i l e s .  The r e s i d u e  was t r a n s f e r r e d  t o  a 250-ml f l a s k  and f r a c t i o n a l l y  
d i s t i l l e d  under reduced p r e s s u r e ,  y i e l d i n g  5 . 0  g (9.6% y i e l d )  of t e t r a f l u o r o -  
p-phenylene b i s c h l o r o f o r m a t e ,  bp 99"-102"C/5 mm, mp 81"-82"C. I t s  i n f r a r e d  
spec t rum is shown i n  F i g u r e  27. 

The r e a c t i o n  mixture  was al lowed t o  come t o  room tempera ture  and 
The w h i t e  p r e c i p i t a t e  of  pyr id in ium 

% C  % C l  % F  Ana 1 ys is  : 

Calcula ted  f o r  C8C12F404: 31.26 23.12 24.75 

Found: 31.22 23.05 24.74 

2 .  P r e p a r a t i o n  of T e t r a f  luoro-p-phenylene-bis  ( N - m e t  h y l a n i l i n o  carbamate)  

Tetrafluoro-p-phenylene-bischloroformate (0.1 g , 0.003 mole) was 
d i s s o l v e d  i n  3 m l  of anhydrous benzene i n  a micro  t e s t  t u b e .  N-methylan i l ine  
(0.14 g ,  0.014 mole) was added dropwise w i t h  s t i r r i n g .  The r e s u l t a n t  s l u r r y  
was poured i n t o  10 m l  of hexane. The w h i t e  c r y s t a l l i n e  s o l i d  was f i l t e r e d  
o f f ,  washed w i t h  two 20-ml p o r t i o n s  of hexane and two 20-ml p o r t i o n s  of  w a t e r ,  
and d r i e d  overnight  , y i e l d i n g  t h e  d e s i r e d  d e r i v a t i v e ,  mp 206"-208°C. I t s  
i n f r a r e d  spectrum ( F i g u r e  28) i s  a t t a c h e d .  

A n a l y s i s :  

Calcu la ted  f o r  C H F N 0 : 58.94 3.57 16.97 6.25 22 16 4 2 4 

Found: 59.07 3.35 17.04 6.34 

3 .  P r e p a r a t i o n  of Tet rachloro-p-xyly lene  a , c ~ ' - D i i s o c y a n a t e  

c1 c1 ,A c1 c1 
1 '  / I  ). ! 

H2N-cH2a-+H2-m2 + coci2 "N > OCN-CH~--,, ,J--cH~-Nco 
i\ 
' \  c i  C l  c1 c1 

98  



t c 

c c 

P 

Q) 
U 
a 
l-l 
0 
w 
0 
l-l 
0 
I4 s 
0 
v) 
..-I 
P 

E 

99 



100 



f 

Phosgene (> 0.50 mole) was condensed i n t o  500 m l  o f  d r y  THF i n  t h e  u s u a l  
phosgenat ion  a p p a r a t u s .  P y r i d i n e  (31.6 g ,  0.40 mole) was added w i t h  s t i r r i n g  
a t  -40°C. A suspens ion  of t e t r a c h l o r o - p - x y l y l e n e  a ,a ' -d iamine  (27.4 g,  
0.1 iiiole) iii 250 m? cf d r y  TEIF was added over  a per iod  of 20 m i n u t e s ,  followed 
by a n  a d d i t i o n a l  300 m l  of THF'. The s o l u t i o n  was s t i r r e d  a t  room tempera ture  
f o r  28 hours then  f i l t e r e d .  The THF f i l t r a t e  was e v a p o r a t e d ,  l e a v i n g  32.2 g 
of c r u d e  m a t e r i a l .  To t h i s  was added o-d ich lorobenzene  and t h e  m i x t u r e  
r e f l u x e d  f o r  5 hours ,  hydrogen c h l o r i d e  be ing  evolved .  The s o l v e n t  was 
s t r i p p e d  o f f  and t h e  r e s i d u e  vacuum d i s t i l l e d  t o  g i v e  10.1 g (30%) of a s o l i d  
p r o d u c t ,  mp 116"-117"C, bp 162"-164"C/3 mm. 
i s o c y a n a t e  e q u i v a l e n t  and e l e m e n t a l  a n a l y s i s  a s  t h e  d e s i r e d  product  , t e t r a -  
ch loro-p-xyly lene  a ,cv ' -di isocyanate .  The i n f r a r e d  spectrum i s  shown a s  
F i g u r e  29. 

This  s o l i d  was i d e n t i f i e d  by 

I s o c y a n a t e  Equiva len t :  

C a l c u l a t e d  f o r  C H C 1  N 0 163 .O 

Found : 164.6 

1 0  4 4 2 2: 

Ana l y s  i s  : 
% C  % H  % C 1  % N  

C a l c u l a t e d  f o r  CloH4C 14N202  : 36.8 1.23 43.6 8.6 

Found: 37.43 1.06 43.79 8.47 

4 .  P r e p a r a t i o n  of  P e n t a f l u o r o a n i l i n e  

- YH2 
48 hr  'xx' + NH4F + 2H20 

F X F  + 2NH40H 1650c > F y r  T1 

F 
n 
F F  

A t h i c k - w a l l e d  g l a s s  tube  (22-mm OD, 17-nun I D )  was charged w i t h  hexa- 
f luorobenzene  (5 m l ,  0.043 mole) and 30% ammonium hydroxide (9 m l ,  0.135 mole) .  
The g l a s s  t u b e  was t h e n  s e a l e d ,  wrapped i n  g l a s s  wool,  and p laced  i n  a rocker  
bomb. The bomb was heated a t  165°C f o r  4 8  hours .  The g l a s s  t u b e  was t h e n  
cooled  t o  room t e m p e r a t u r e ,  opened, and t h e  aqueous l a y e r  decanted  o f f ;  7 g 
of a s o l i d  brown r e s i d u e  was recovered from t h e  hexafluorobenzene l a y e r .  
It was s t e a m - d i s t i l l e d  , y i e l d i n g  2.7 g (54% y i e l d )  of p e n t a f l u o r o a n i l i n e ,  
mp 36"-37"C. 

5 .  P r e p a r a t i o n  of Tetrafluoro-m-phenylene 

200 "c 
F*F F + "3 (aq.) 48 hr * 
F 

F F 

101 



P 8 . D  0 8 0 9 (Y " P  
(lN3313d) 33NVllIWSNVU 

102 



# 

A g l a s s - l i n e d  r o c k e r  bomb was charged w i t h  hexafluorobenzene (5 m l ,  
0.43 mole) and aqueous ammonia (18 m l ,  0.27 mole) .  The tempera ture  of t h e  bomb 
was brought  t o  200°C and t h e  bomb was rocked a t  t h a t  t empera ture  f o r  48 hours.  
A f t e r  c o o l i n g ,  t h e  c o n t e n t s  of t h e  bomb were removed, and t h e  s o l i d  m a t e r i a l  
f i l t e r e d .  The f i l t r a t e ,  c o n s i s t i n g  of two l a y e r s ,  was s e p a r a t e d .  The upper 
brown aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r  and t h e  e t h e r  evaporated l e a v i n g  
a brown s o l i d .  The s o l i d  m a t e r i a l s  were combined and s team d i s t i l l e d  t o  
y i e l d  2.3 g (48%) of  tetrafluoro-m-phenylenediamine a s  a w h i t e  s o l i d ,  mp 
128"-130"C. 

6 .  P r e p a r a t i o n  of  Tetraf luoro-m-phenylene D i i s o c y a n a t e  

Pyr i d  i n e  
+ C 0 C l 2  * 

F 
L F 

Tetrafluoro-m-phenylenediamine (10.0 g ,  0.055 mole)(approximately 95% 
meta isomer + 5% para isomer)  was d i s s o l v e d  i n  250 m l  of anhydrous d i e t h y l  
e t h e r  and charged t o  t h e  a d d i t i o n  funnel  of t h e  phosgenat ion  a p p a r a t u s .  
Phosgene (0.35 mole) was condensed i n t o  750 m l  of anhydrous e t h e r ,  and p y r i -  
d i n e  (23.9 g ,  0.25 mole) d i s s o l v e d  i n  150 m l  of e t h e r  was added t o  t h e  s t i r r e d  
phosgene s o l u t i o n  a t  -50°C. The c h a r a c t e r i s t i c  ye l low p r e c i p i t a t e  formed 
upon a d d i t i o n .  
f i n e l y  d i s p e r s e d  s l u r r y .  
p e r i o d ,  d u r i n g  which t i m e  t h e  r e a c t i o n  m i x t u r e  was allowed t o  come t o  room 
t e m p e r a t u r e .  S t i r r i n g  was cont inued  f o r  3 hours  a t  room t e m p e r a t u r e .  The 
s o l i d s  were f i l t e r e d  o f f  and t h e  s o l v e n t  and excess phosgene s t r i p p e d  under 
reduced p r e s s u r e .  The r e s i d u a l  t a n  l i q u i d  was d i s t i l l e d  under reduced 
p r e s s u r e  through a he l ices-packed  micro-column. The product  ( 1  .L g ,  3 0 1 ~ )  

d i s t i l l e d  a t  7Oo-76"C a t  3-5 nun. R e d i s t i l l a t i o n  gave 6.2 g (48.5% y i e l d )  of 
a c l e a r  l i q u i d ,  b p  61.5"-62"C/1 mm. 
m i x t u r e  of approximate ly  95% meta and 5% para  isomers. The i n f r a r e d  spec t rum 
i s  a t t a c h e d  a s  F i g u r e  30. 

The s t i r r i n g  was cont inued  f o r  1 5  minutes ,  which produced a 
The diamine s o l u t i o n  was t h e n  added over  a 45-minute 

~ _ _ .  

Vapor phase chromatography showed a 

% F  - % N  - % C  % H  Ana l y s  i s  : - - 
C a l c u l a t e d  f o r  C8N2F402: 41.39 0.00 12.06 32.75 

Found: 41.70 0.03 12.19 32.70 

A d e r i v a t i v e  of t h e  above d i i s o c y a n a t e  m i x t u r e  was prepared  by r e a c t i n g  
t h e  d i i s o c y a n a t e  (0.232 g ,  0 .01 mole) w i t h  N-methylani l ine (0.225 g ,  
0.021 mole) i n  5 m l  of benzene and warming g e n t l y  on t h e  s team b a t h .  The 
r e s u l t i n g  c l e a r  s o l u t i o n  was poured i n t o  10 m l  o f  l i g r o i n e .  The w h i t e  s o l i d s  
were removed by f i l t r a t i o n  and d r i e d .  The m e l t i n g  p o i n t  r a n g e  was 83"-160"C, 
i n d i c a t i n g  h i g h l y  impure m a t e r i a l .  The m a t e r i a l  was f r a c t i o n a l l y  p r e c i p i t a t e d  
by d i s s o l v i n g  i t  i n  a minimum amount of b o i l i n g  benzene, c o o l i n g  and f i l t e r i n g  
t h e  s m a l l  amount of p r e c i p i t a t e  formed. After d r y i n g ,  t h e  p r e c i p i t a t e d  
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m a t e r i a l  mel ted between 210"-218°C (mp of  t h e  para  d e r i v a t i v e  236"-238°C). 
The benzene s o l u b l e  p o r t i o n  was p r e c i p i t a t e d  by  a d d i t i o n  of l i g ro l lne .  
Fol lowing  f i l t r a t i o n  and d r y i n g ,  t he  d e r i v a t i v e  mel ted  a t  65"-105"C. 

Ana l y s  i s  : % F  - % N  - % C  % H  - - 
Calcu la t ed  f o r  C22H1802N4F4: 59.11 4.06 12.77 17.02 

Found: 58.59 4.37 12.10 16.98 

The wide m e l t i n g  po in t  r ange ,  coupled w i t h  t h e  c o r r e c t  element a 1 ana l y s i s ,  
s u b s t a n t i a t e s  t h e  p re sence  o f  t h e  mixed meta and pa ra  i somers .  

7 .  P r e p a r a t i o n  of  1,5-Diiodohexafluoropentane 

C H 3 e 0 2 0 c H 2  (CF2)3CH20S0r O C H 3  \ 1 + 2 K I  -> ICH2(CF2)3CH21 

The d i - p - t o l u e n e s u l f o n a t e  o f  hexa f luo ropen taned io l  (106 g ,  0.2 mole) 
and potass ium i o d i d e  (69.7 g ,  0.42 mole) i n  450 m l  of e t h y l e n e  g l y c o l  were 
hea ted  a t  r e f l u x  f o r  56 hour s .  When t h e  s o l u t i o n  was poured i n t o  w a t e r ,  a 
d a r k  o i l  s e p a r a t e d .  The wa te r  and o i l  mix tu re  was e x t r a c t e d  w i t h  carbon 
t e t r a c h l o r i d e ,  g i v i n g  a p u r p l e  s o l u t i o n .  The carbor! t e t r a c h l o r i d e  s o l u t i o n  
was d e c o l o r i z e d  w i t h  sodium t h i o s u l f a t e  s o l u t i o n ,  d r i e d  over  anhydrous 
magnesium s u l f a t e ,  and t h e  s o l v e n t  evapora ted  y i e l d i n g  79.3 g (91.8%) of 
a ye l low o i l ,  which s o l i d i f i e d  on coo l ing .  The s o l i d  was r e c r y s t a l l i z e d  
from a methanol-water mix tu re  g iv ing  64.8 g (75 .OX) of 1 ,5 -d i iodohexa f luo ro -  
pen tane ,  mp 48"-49°C. The i n f r a r e d  spec t rum is given  a s  F i g u r e  31. 

- % C  - % H  - % F  % I  

Ca lcu la t ed  f o r  C E F I 13.90 0.93 26.40 58.8 5 4 6 2 :  

Found : 13.88 0.95 26.37 59.00 

8 .  Attempted P r e p a r a t i o n  of  Hexafluoropentamethylene Di i socyana te  

I - C H 2 -  (CF2)3-CH2-I + o r  OCN-CH2- (CF2)3-CH2-NC0 
2AgOCN 

A mix tu re  of 1,5-diiodohexafluoropentane (17.3 g ,  0.04 mole) and potass ium 
i s o c y a n a t e  (6.5 g ,  0.08 mole) was s t i r r e d  i n t o  75 m l  of  DMF. The r e s u l t i n g  
suspens ion  was heated w i t h  s t i r r i n g  a t  140°C f o r  30 minutes .  The s o l u t i o n  
was f i l t e r e d ,  and t h e  f i l t r a t e  concen t r a t ed .  There was no  appa ren t  r e a c t i o n .  

There  was no  r e a c t i o n  when t h e  o p e r a t i o n  w a s  r e p e a t e d  u s i n g  s i l ve r  
i s o c y a n a t e .  
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9.  Attempted Reduct ion of  Per f luoroadipamide  

0 0 

H2N-CH2-(CF 2 4  ) -CH 2 -NH2 
It I1 

H2N-C-(CP ) -C-NH2 + 3 L i A l H  2 4  4 

Perf luoroadipamide  (16.4 g ,  0.057 mole) d i s s o l v e d  i n  500 m l  o f  THF was 
added dropwise i n t o  a s t i r r e d  suspens ion  o f  LAH (6.5 g ,  0.0171 mole) i n  200 m l  
o f  THF. A f t e r  t h e  a d d i t i o n  was complete ,  t h e  s o l u t i o n  was heated t o  r e f l u x  
for 2 1  hours .  The r e a c t i o n  mass was cooled  and 5 m l  of  w a t e r  was c a u t i o u s l y  
added t o  d e s t r o y  excess LAH. The i n o r g a n i c  s o l i d s  were f i l t e r e d  o f f  and t h e  
f i l t r a t e  was t r e a t e d  w i t h  c h a r c o a l  and d r i e d  over anhydrous magnesium s u l f a t e .  
The s o l u t i o n  was f i l t e r e d  and t h e  s o l v e n t  removed, l e a v i n g  a dark  brown s e m i -  
s o l i d .  This  was i d e n t i f i e d  by i t s  i n f r a r e d  spec t rum a s  s t a r t i n g  m a t e r i a l ,  
per f luoroadipamide .  

10. Attempted P r e p a r a t i o n  of  Hexafluoropimelic  A c i d  

I-CH2- (CF2)3-CH2-I + 2 NaCN CH30H, H20 HOOC-CH2(CF2)3-CH2-COOH 

A s t ee l  bomb was charged w i t h  1,5-diiodohexafluoropentane (4.3 g ,  
0.01 m o l e ) ,  sodium c y a n i d e  (1.5 g ,  0.003 mole) ,  copper  (I) cyanide  (0.5 g ,  
0.003 mole) ,  and 31 m l  o f  methanol  i n  13 m l  o f  w a t e r .  The bomb was heated 
a t  18O0-2OO0C f o r  1 6  hours .  A f t e r  workup, none o f  t h e  d e s i r e d  product  was 
i s o l a t e d .  

11. AttemDted PreDara t ions  of  1.5-Dicvano-2.2.3.3.4.4-hexafluoro~entane 

NaC N 

I-CH2-(CF2)3-CH2-I + o r  + NC-CH2- (CF2) 3-CH2-CN 

CWN 

a .  Method A. - A m i x t u r e  of  1,5-diiodohexafluoropentane (8.6 g ,  0.02 mole) 
and sodium cyanide  (3.0 g ,  0.06 mole) i n  80 m l  o f  e t h y l e n e  g l y c o l  was s t i r r e d  
and r e f l u x e d  f o r  60 hours .  The black s o l u t i o n  was poured hot  i n t o  300 m l  o f  
w a t e r .  A b l a c k  p r e c i p i t a t e  was f i l t e r e d  o f f ,  and t h e  f i l t r a t e  e x t r a c t e d  w i t h  
carbon t e t r a c h l o r i d e .  This  l a y e r  was s e p a r a t e d  and c o n c e n t r a t e d  t o  g i v e  1.5 g 
o f  a l i q u i d  i d e n t i f i e d  by i t s  i n f r a r e d  spec t rum and e l e m e n t a l  a n a l y s i s  a s  
e s s e n t i a l l y  unreac ted  1,5-diiodohexafluoropentane w i t h  a t r a c e  of  u n i d e n t i f i e d  
i m p u r i t y .  

b .  Method B.  - A m i x t u r e  of 1,5-diiodohexafluoropentane (8.6 g ,  0.02 mole) 
and copper  ( I )  c y a n i d e  (10.7 g ,  0.06 mole) i n  100 m l  of DMF was s t i r r e d  and 
r e f l u x e d  f o r  60 hours .  The hot  brown s l u r r y  was poured i n t o  300 m l  of w a t e r  
and f i l t e r e d .  The s o l i d  (10.2 g) was i d e n t i f i e d  a s  copper  (I) cyanide .  The 
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f i l t r a t e  was poured i n t o  a s o l u t i o n  of  8 g of i r o n  (111) c h l o r i d e  and 2 m l  of 
h y d r o c h l o r i c  a c i d  i n  100 m l  of w a t e r  and hea ted  t o  70°C. 
s e p a r a t i o n  of  organic  l a y e r  o c c u r r e d ,  i n d i c a t i n g  t h a t  no  r e a c t i o n  had t a k e n  
p l a c e .  

On c o o l i n g ,  no 

A s o l u t i o n  of d i i o d o h e x a f l u o r o p e n t a n e  (39.2 g ,  0.091 mole) d i s s o l v e d  i n  
6 0  m l  of d r y  xylene and 50 m l  of d r y  DMF was added s lowly  t o  a s t i r r e d  
s u s p e n s i o n  o f  sodium a c e t y l i d e  (10 g ,  0.21 mole) i n  60 m l  of d r y  x y l e n e  and 
4 0  m l  of d r y  DMF which was heated t o  90°C. The r e a c t i o n  mixture  was s t i r r e d  
f o r  22 hours a t  110°C. When t h e  s t i r r i n g  was s t o p p e d ,  a w h i t e ,  f l o c c u l e n t  
s o l i d  s e t t l e d  o u t .  A f t e r  c o o l i n g ,  25 m l  of d i s t i l l e d  w a t e r  and a s o l u t i o n  
of 11.3 g of ammonium c h l o r i d e  i n  50  m l  of water  were added t o  d e s t r o y  any 
u n r e a c t e d  sodium a c e t y l i d e .  A l l  of  t h e  w h i t e  s o l i d  d i s s o l v e d .  The lower 
water-DMF l a y e r  which s e p a r a t e d  gave a p o s i t i v e  t e s t  f o r  i o d i d e  ion .  The 
upper  x y l e n e  layer  was d r i e d  over  anhydrous magnesium s u l f a t e .  D i s t i l l a t i o n  
y i e l d e d  o n l y  the  u n r e a c t e d  s t a r t i n g  d i i o d i d e .  

13. Attempted R e a c t i o n  of 1,5-Diiodohexafluoropentane With Sodium Methoxide 

CH30-CH2 (CF2)3CH2-OCH3 
9Ej 

I-CH2(CF2)3CH2-I + (2) Na OCH3 
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c .  Method c .  - A mixture  of 1,5-diiodohexafluoropentane (8.6 g ,  0.02 mole) 
and copper (I) c y a n i d e  (4.3 g ,  0.048 mole) d i s s o l v e d  i n  20 m l  of p y r i d i n e  
and 50 m l  of N-methylpyrrolidone was s t i r r e d  and heated a t  110°C f o r  24 hours .  
A f t e r  c o o l i n g ,  a t t e m p t s  t o  break  up any o r g a n i c  cyanide-copper  ( I )  c y a n i d e  
complex formed w i t h  aqueous ammonia , I i r o n  (111) c h l o r i d e  and aqueous hydro- 
c h l o r i c  a c i d ,  or  sodium c y a n i d e  only  r e s u l t e d  i n  i s o l a t i o n  of i n o r g a n i c  copper  
(I) cyanide .  In  a l l  c a s e s ,  t h e  i n f r a r e d  spec t rum of o r g a n i c  m a t e r i a l  i s o l a t e d  
was s i m i l a r  t o  t h e  spectrum of 1,5-diiodohexafluoro~entane, w i t h  no -CN 
a b s o r p t i o n .  

d .  Method D .  - A m i x t u r e  of 1 ,5-d i iodo-2  ,2 ,3 ,3 ,4 ,4-hexaf  luoropentane  
(21.6 g ,  0.05 mole) and copper (I) cyanide  (10.8 g ,  0.12 mole) i n  30 m l  of 
DMF were s t i r r e d  and heated under n i t r o g e n  t o  70°C. P y r i d i n e  (10 ml) was 
added and h e a t i n g  was i n c r e a s e d  t o  135°C and main ta ined  f o r  4 h o u r s .  The 
hot  m i x t u r e  was t h e n  poured i n t o  a s o l u t i o n  of i r o n  (111) c h l o r i d e  (20 g )  
i n  concent ra ted  h y d r o c h l o r i c  a c i d  (5 ml) and w a t e r  (30  m l ) .  This was t h e n  
heated a t  75°C f o r  20 minutes  t o  decompose any  complex formed. A f t e r  c o o l i n g ,  
t h e  i n o r g a n i c  s o l i d s  were f i l t e r e d  o f f ,  and t h e  f i l t r a t e  was e x t r a c t e d  w i t h  
e t h e r .  The e t h e r  was d r i e d  over  anhydrous magnesium s u l f a t e ,  f i l t e r e d ,  and 
s t r i p p e d  t o  dryness .  An i n f r a r e d  spectrum of  t h e  s o l i d  was i d e n t i f i e d  a s  
u n r e a c t e d  s t a r t i n g  m a t e r i a l .  

12 .  Attempted P r e p a r a t i o n  of 4 ,4  , 5,5  , 6 , 6-Hexa f luoro-nona-1 , 8-d iyne  I 
ICH2(CF2)3CH21 + 2 NaCS2H HC=C-CH2 (CF2)3CH2-C32H + 2NaI 



Sodium methoxide (6.6 g ,  0.12 mole) and 1,5-diiodohexafluoropentane 
(17.3 g ,  0.04 mole) were d i s s o l v e d  i n  DMF (25 ml) and t h e  s o l u t i o n  r e f luxed  
18 hours under d r y  n i t r o g e n .  Af t e r  c o o l i n g ,  t h e  d a r k  brown s o l u t i o n  was 
poured i n t o  a c i d i f i e d  wa te r  (150 ml) .  The water  was t h e n  e x t r a c t e d  w i t h  
e t h e r  , t h e  e x t r a c t s  coinbined, and d r i e d  over magnesium s u l f a t e .  Vacuum 
d i s t i l l a t i o n  y i e lded  4 .9  g of t h e  s t a r t i n g  d i i o d o  m a t e r i a l .  
m a t e r i a l  was recovered .  

No s u b s t i t u t e d  

14. Attempted P r e p a r a t i o n  of Diet  h y l - 3  , 7-d i k e t  0-4,4,5,5,6,6-hexa f l uo ro -  
a z e l a t e  

0 . o  
Na H II I1 

Et02C(CF2)3C02Et + CH3C02Et > Et02CCH2C (CF2)3CCH2C02Et 

E t h y l  a c e t a t e  (13.2 g ,  0.5 mole) was added over  a 5-hour per iod  t o  a 
s l u r r y  of d i e t h y l  p e r f l u o r o g l u t a r a t e  (22.2 g ,  0.075 mole) and sodium hydr ide  
(3.6 g ,  0.15 mole).  The brown-black v i s c o u s  l i q u i d  was poured i n t o  a 
s u l f u r i c  a c i d  - i ce  mix tu re .  The aqueous l a y e r  was decanted  and t h e  o r g a n i c  
phase  t aken  up i n  e t h e r ,  d r i e d  over anhydrous magnesium s u l f a t e ,  s t r i p p e d ,  
and d i s t i l l e d  under reduced p r e s s u r e .  None o f  t h e  d e s i r e d  product  was 
i s o l a t e d .  

15. Attempted P r e p a r a t i o n  of  Diethyl-2,8-dicarbethoxy-3,7-dikefo- 
4 , 4 , 5 , 5  , 6,6-hexa f l uo roaze  l a  t e 

0 0 @GI II II ! 0 
11 

c1c (cF2>3  -t Na CH(C02Et)2 + (Et02C)2CHC(CF2)3CCH(C02Et)2 
” 

Soaium s n o t  (1u.b g ,  U . 4 6  mole) and d i e t h y l  malonate  (74.0 g ,  0.46 mole) 
were added t o  anhydrous d i e t h y l  e t h e r  and s t i r r e d  f o r  25 hour s .  A t  t h e  end 
01 t h i s  t i m e ,  t h e  r e a c t i o n  was complete a s  i n d i c a t e d  by  t h e  d i sappea rance  
of  t h e  sodium. P e r f l u o r o g l u t a r y l  c h l o r i d e  (55.4 g ,  0.20 mole) i n  e t h e r  
(100 ml) was added t o  t h e  w e l l - s t i r r e d  s l u r r y  of t h e  s o d i o  d e r i v a t i v e  of  
malonic  es ter  a t  a r a t e  such  t h a t  a g e n t l e  r e f l u x  was ma in ta ined .  The a d d i -  
t i o n  t i m e  was 1% hours .  Re f lux ing  on t h e  s t eam b a t h  was cont inued  f o r  3 more 
hours .  A f t e r  c o o l i n g ,  t h e  mix tu re  was poured i n t o  w a t e r  (200 m l ) ,  t h e  e t h e r  
l a y e r  s e p a r a t e d ,  and t h e  aqueous p o r t i o n  e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t s  
were combined, d r i e d ,  s t r i p p e d  , and d i s t i l l e d  under reduced p r e s s u r e .  None 
of  t h e  d e s i r e d  product  was i s o l a t e d .  

16.  P r e p a r a t i o n  of  Diethyl-2,2,8,8-tetracarboethoxy-3,7-diketo- 
4,4 ,5 ,5 ,6 ,6-hexaf  l u o r o a z e l a t  e 

0 0 00 0 I1 
0 0 
II II 

3 
C1-C-(CF2)3-C-Cl + 2 Na C(C02Et)3 -> (Et02C)3 C-C-(CF2)3-C-C(C02Et) 
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A f i n e  suspens ion  of sodium (2.3 g ,  0.1 mole) was prepared  by mixing i n  
50 m l  of r e f l u x i n g  d ioxane .  T r i e t h y l  m e t h a n e t r i c a r b o x y l a t e  (23.2 g ,  0 . 1  mole) 
i n  50  m l  of dioxane was t h e n  added and t h e  m i x t u r e  r e f l u x e d  o v e r n i g h t ,  The 
r e s u l t i n g  r e d d i s h  brown s o l u t i o n  was f i l t e r e d  hot  t o  remove t h e  u n t r e a t e d  
sodium (0.01 9 ) .  The c l e a r  deep r e d  s o l u t i o n  was al lowed t o  c o o l  and t h e  
p r e c i p i t a t e d  sodium s a l t  was f i l t e r e d  o f f  and r e c r y s t a l l i z e d  from dioxane .  
Y i e l d  24.6 g (97.2%). 

P e r f l u o r o g l u t a r y l  c h l o r i d e  (5.7 g ,  0.02 mole) i n  20 m l  o f  d ioxane  was 
then added t o  t h e  above s o d i o  s a l t  and t h e  s l u r r y  r e f l u x e d  f o r  3 hours .  It 
was t h e n  cooled ,  f i l t e r e d ,  and s t r i p p e d  of s o l v e n t .  When t h e  c r u d e  product  
was f r a c t i o n a t e d  under reduced p r e s s u r e ,  some decomposi t ion  a p p a r e n t l y  took 
p l a c e .  The f r a c t i o n  b o i l i n g  between 97°C and 103°C was i s o l a t e d  (8.5 g ) .  ' 

% F  - % C  % H  Analys is  : - - 
C a l c u l a t e d  f o r  C25H30F6014: 44.9 4.5 1 7 . 1  

Found: 46.24 5.30 15.16 

A p o r t i o n  of t h e  above product  was shaken i n  c o n t a c t  w i t h  d i s t i l l e d  w a t e r  
o v e r n i g h t .  The o r g a n i c  m a t e r i a l  was t h e n  s e p a r a t e d  and d r i e d  over  magnesium 
s u l f a t e .  Elemental  a n a l y s i s  demonstrated h y d r o l y s i s  of t h e  f l u o r i n e s  . 

I 

% F  

A n a l y s i s  Found a f t e r  Hydrolys is :  50.04 6.61 5 .0  
- % H - % C  - 

1 7 .  Attempted P r e p a r a t i o n  of 2,2,2-Trichloro-l,l-di(trifluoromethyl) 
Ethanol  (Hexa f l u o r o c  h l o r  e t one) 

0 OH 
b a s e  I 

CC l3 -C -CF 
I1 

1 3  
CHC13 -t CF3-C-CF3 - 

CF3 

a .  I n  Triglyme. - F r e s h l y  molten potass ium hydroxide (22 g ,  0.4 mole) 
was hea ted  t o  150°C i n  t r i g l y m e  (100 m l )  and s l o w l y  cooled  t o  room t e m p e r a t u r e  
w i t h  v i g o r o u s  s t i r r i n g .  The r e s u l t i n g  f i n e  s u s p e n s i o n  was f u r t h e r  cooled  t o  
-5"C, and chloroform (44.3 g ,  0.37 mole) was added. Hexaf luoroace tone  
(0.40 mole) was bubbled i n t o  t h e  r e a c t i o n  m i x t u r e  a t  -5°C over  a p e r i o d  of  
40 minutes .  The s o l u t i o n  darkened s l i g h t l y  upon a d d i t i o n .  The tempera ture  
was he ld  below - 5 " C ,  w i t h  s t i r r i n g ,  f o r  2 h o u r s .  The s t i r r i n g  was d i s c o n t i n u e d  
and t h e  s l u r r y  al lowed t o  s t a n d  o v e r n i g h t  a t  room tempera ture .  The r e s u l t i n g  
d a r k  suspens ion  was poured i n t o  a m i x t u r e  of d i l u t e  s u l f u r i c  a c i d  and cracked  
ice.  The aqueous s o l u t i o n  was e x t r a c t e d  w i t h  two 1 0 0 - m l  p o r t i o n s  of c h l o r o -  
form. The chloroform l a y e r  was s e p a r a t e d  and d r i e d  over  anhydrous magnesium 
s u l f a t e .  None o f  t h e  d e s i r e d  product  was o b t a i n e d .  
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b .  I n  Acetaldehyde D i b u t y l  Aceta l .  - The same r a t i o  o f  r e a c t a n t s  was 
u t i l i z e d  i n  t h e  a t t empt  w i t h  t h e  fo l lowing  e x c e p t i o n s .  Sodium c a r b o n a t e  
(0.12 mole/mole ch loroform)  was used i n  p l a c e  of po tass ium hydroxide and 
a c e t a l d e h y d e  d i b u t y l  a c e t a l  was s u b s t i t u t e d  f o r  t r i g l y m e .  The a d d i t i o n  o r d e r  
and r a t e  of r e a c t i o n  t imes were the  same a s  above. Again,  none of  the d e s i r e d  
product  was o b t a i n e d .  

18. P r e p a r a t i o n  of t h e  Monoacetal  of Hexaf luoropentanedio l  and Dihydropyran 

/-', /\ 

___) HOCH2 (CF2)3CH2-O--(o) HOCH2(CF2)3CH20H + k,o,i 

Hexaf luoropentanedio l  (30.0 g,  0.14 mole) , dihydropyran  (60 ml) and 
1 d r o p  of c o n c e n t r a t e d  hydroch lo r i c  a c i d  were r e f l u x e d  ( a t  94°C) f o r  16 hours .  
A f t e r  a l lowing  t h e  s o l u t i o n  t o  coo l ,  po tass ium hydroxide p e l l e t s  (3  g) were 
added and t h e  mix tu re  was s t i r r e d  for 1 hour .  The s o l u t i o n  was t h e n  decanted  
and poured i n t o  w a t e r ,  whereupon an o i l  s e p a r a t e d .  This  o i l  was washed tw ice  
w i t h  w a t e r ,  d i s s o l v e d  i n  e t h e r ,  and t h e  e t h e r  s o l u t i o n  d r i e d  over anhydrous 
sodium s u l f a t e .  The e t h e r  was s t r i p p e d  o f f  and t h e  o i l  d i s t i l l e d  under  
vacuum. Four f r a c t i o n s ,  w i t h  a t o t a l  weight  o f  23 g ,  d i s t i l l i n g  from 40°C 
t o  64°C a t  0.5 mm, were c o l l e c t e d .  
i n d i c a t e d  t h a t  hydroxyl  groups were s t i l l  p r e s e n t ,  b u t  t h a t  t h e r e  was no 
hexafl i ioropentaned i o 1  p r e s e n t .  

The i n f r a r e d  s p e c t r a  of  a l l  t h e  f r a c t i o n s  

The c o l l e c t e d  f r a c t i o n s  were r e f luxed  f o r  a n  a d d i t i o n a l  16  h o u r s ,  a g a i n  
u s i n g  an  excess  o f  d ihydropyran  and a d rop  of concen t r a t ed  h y d r o c h l o r i c  a c i d .  
The d i s t i l l e d  product  which c r y s t a l l i z e d  on s t a n d i n g  was i d e n t i c a l  t o  t h e  
s t a r t i n g  o i l .  The product  was i d e n t i f i e d  a s  t h e  d e s i r e d  monoacetal .  The 
i n f r a r e d  spec t rum i s  shown i n  F igure  32 .  

Ana l y s  i s  : 

C a l c u l a t e d  f o r  C10H14F603: 40.5 4.8 38.5 

Found: 40.78 5.15 36.59 

19 .  Attempted P r e p a r a t  ion  o f  1,5 -Dibr omo- 1 , 1 , 2 ,3 ,3 ,4 ,5 ,5  -oc t a  f luoropent  an e 

\ 2CF2=CFH + CF2Br2 BZP v CF2BrCHFCF2CHFCF2Br 

Benzoyl pe rox ide  (0.1 g )  was placed i n  a g l a s s - l i n e d ,  s t a i n l e s s  s t e e l  
p r e s s u r e  r e a c t o r  of 125-ml c a p a c i t y .  The evacuated  bomb was coo led  t o  -75°C 
and dibromodif luoromethane (23.1 g ,  0111 mole) was condensed i n .  T r i f  l uo ro -  
e t h y l e n e  (17.0 g ,  0 .21  mole) was then added i n  a s i m i l a r  f a sh ion .  The 
s e a l e d  bomb was heated t o  110°C and he ld  a t  t h a t  t empera tu re  f o r  4 hour s .  
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A f t e r  c o o l i n g ,  t h e  unreac ted  gaseous p r o d u c t s  were allowed t o  e v a p o r a t e  and 
t h e  bomb was opened; 3 . 1  g of waxy polymeric r e s i d u e  which was i n s o l u b l e  i n  
common s o l v e n t s  was r e c o v e r e d .  
u n s u c c e s s f u l .  The i n f r a r e d  spectrum of  t h e  waxy product  i s  c o n s i s t e n t  w i t h  
a modera te iy  h i g h  molecular  weight  te lomer s t r u c t u r e .  

F r a c t i o n a t i o n  under reduced p r e s s u r e  was 

20 .  P r e p a r a t i o n  of Perfluoro~enta-1.4-diene 

a .  P r e p a r a t i o n  of Sodium S a l t  o f  Kel-F Acid 683 

Kel-F a c i d  683 (3,5,6-trichloroperfluorohexanoic a c i d )  (100.0 g ,  
0.275 mole) ,  sodium hydroxide ( 1 2 . 2  g ,  0.306 mole) and 14 m l  of w a t e r  were 
v i g o r o u s l y  s t i r r e d .  Cons iderable  heat was genera ted  and s team was evolved 
from t h e  r e a c t i o n  mass. The r e s u l t i n g  chunky m a t e r i a l  was d r i e d  overn ight  
i n  a vacuum oven a t  40°C and 2 mm Hg, ground t o  a f i n e  powder and d r i e d  
10 days i n  a vacuum d e s i c c a t o r  over  phosphorus p e n t o x i d e  (3 changes) .  A 
f i n e ,  f ree- f lowing  powder was recovered( l03 .5  g ,  100% y i e l d ) .  

b .  P y r o l y s i s  of Sodium S a l t  

CF2C lCFC 1 -CF2CF=CF 2 CF2C1-CFC1-CF2CFC1-CF2CO0 

The sodium s a l t  from above was pyrolyzed i n  a 250-ml f l a s k  f i t t e d  
w i t h  a F r i e d e r i c h  condenser  and vacuum f i t t i n g .  
d e c h l o r i n a t i o n  commenced a t  150°C. Heat ing  was c o n t i n u e d ,  w i t h  i n t e r m i t t e n t  
s h a k i n g  of t h e  p y r o l y s i s  f l a s k ,  t o  270°C. There was a c o n s i d e r a b l e  amount 
of what appeared t o  be s u b l i m a t i o n  of t h e  sodium s a l t .  
\ v u . r  w a -  L u I L C L L c U  1 1 1  L L I ~  U L Y  it.e - a c e ~ u i i e  c v u ~ e u  Lraps,  wasnea wiEn ivy, 
sodium c a r b o n a t e ,  w a t e r ,  and d r i e d  over sodium s u l f a t e .  D i s t i l l a t i o n  y i e l d e d  
49.5 g (58.47; y i e l d  baaed  m starting a c i d ) ,  bp 92" -93°C ( l i t e r a t u r e  v a i u e  
92"-93"C/756 mm) (Reference 20) .  

The d e c a r b o x y l a t i o n -  

The c r u d e  product  
/ L O  7 - \  ._ -I, . . . * .  - -  

c .  D e c h l o r i n a t i o n  

Zn > CF2=CFCF2CF=CF 2 CF2C lCFC 1CF2CF=CF2 

Zinc  powder (23.8 g ,  0.364 mole) was a c t i v a t e d  by suspending i t  i n  
a c e t o n e  (100 m l )  and s l o w l y  adding  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (18.5 m l ) .  
S t i r r i n g  was cont inued f o r  30 minutes a f t e r  a d d i t i o n  was completed.  There 
was no  more hydrogen g a s  g e n e r a t e d  a t  t h i s  t i m e .  A f t e r  f i l t r a t i o n ,  t h e  
a c t i v a t e d  z i n c  was d r i e d  i n  t h e  vacuum oven a t  70°C f o r  4 hours .  

A c t i v a t e d  z i n c  (17. 6 g ,  0.270 mole) was suspended i n  t r i g l y m e  
(100 ml) and t h e  s l u r r y  hea ted  t o  7OOC. 4,5-Dichloroperfluoropentene-1 
(49.5 g ,  0.17 mole) was added over a 3-hour per iod  w i t h  no apparent  r e a c t i o n .  

113 



The tempera ture  was i n c r e a s e d  s l o w l y ,  and a t  130°C t h e  product  began t o  
d i s t i l l  ( through a 6- in .  he l ices -packed  column]. Heat ing  was cont inued  u n t i l  
t h e  tempera ture  of t h e  r e a c t i o n  m i x t u r e  was 192"C, a t  which t e m p e r a t u r e  no 
more l i q u i d  was d i s t i l l i n g ,  
through a 14-in. ,  he l ices -packed ,  vacuum-jacketed column, y i e l d e d  23 g 
(62% y i e l d )  of perfluoropenta-1,4-diene (bp 33"-34"C, l i t e r a t u r e  v a l u e  33"- 
34°C). The i n f r a r e d  spec t rum is a t t a c h e d  a s  F i g u r e  33. 

The c r u d e  product  (36.6 g ) ,  upon r e d i s t i l l a t i o n  

21. P r e p a r a t i o n  of Monochloropentafluoroisopropyl Alcohol  

0 OH 
I 

c CF3 -C -CF2C 1 CF3-!-CF2Cl + NaBH4 diglyme . 
I 

Chloropentafluoroacetone (210.0 g ,  1 .20 mole) was added t o  sodium boro-  
h y d r i d e  (30.0 g ,  0.794 mole) i n  240 m l  o f  d r y  diglyme over  a 3-hour p e r i o d  
a t  a tempera ture  below 50°C. A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  m i x t u r e  was warmed 
t o  40°C t o  remove any u n r e a c t e d  chloropentafluoroacetone. A f t e r  c o o l i n g ,  t h e  
m i x t u r e  was poured i n t o  450 m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The o r g a n i c  
l a y e r  was s e p a r a t e d ,  washed w i t h  s i x  50-ml p o r t i o n s  of  a c i d i f i e d  w a t e r ,  and 
d r i e d  over  anhydrous magnesium s u l f a t e .  It was d i s t i l l e d  from s u l f u r i c  a c i d ,  
t h e n  r e d i s  t i l l e d ,  bp 80.5 "-80.6 "C . 

% F  - % C  % H  % C 1  
Ana l y s  i s  : 

- - 
Calcula ted  f o r  C H F C 1 0 :  19.50 1.08 19.2 51.4 3 2 5  

Found: 20.31 1.54 19.69 53.55 

22. Attempted Dehydrochlor ina t ion  of Chloropentaf  l u o r o i s o p r o p y l  Alcohol  

OH 0 
I NaOH / \  

CF3 -C -CF2C 1 > CF3-CH - CF2 4- H20 + NaCl 
I 
H 

Chloropentaf luoro isopropanol  (7.2 g ,  0.0392 mole) was added dropwise t o  
a s t i r r e d  s o l u t i o n  of sodium hydroxide (32.0 g ,  0.784 mole) i n  32 m l  of 
w a t e r  a t  75°C. 
foaming, and t h e  r e a c t i o n  f l a s k  was cooled i n  a d r y  i c e  - a c e t o n e  b a t h .  
a s m a l l  amount of  w a t e r  was recovered  from t h e  d r y  i c e  - a c e t o n e  t r a p .  A 
ye l low,  w a t e r - s o l u b l e  s o l i d ,  decomposing a t  235"C, was l e f t  i n  t h e  f l a s k .  
The m i x t u r e  i n  t h e  r e a c t i o n  f l a s k  was made s l i g h t l y  a c i d  w i t h  h y d r o c h l o r i c  
a c i d  and evaporated t o  l e a v e  a w h i t e  r e s i d u e  (NaC1) w i t h  a yel low d i s c o l o r a -  
t i o n .  The above r e s i d u e  was e x t r a c t e d  w i t h  e t h e r  i n  a Soxhle t  e x t r a c t o r .  
Evapora t ion  of t h e  e t h e r  l e f t  a very  s m a l l  amount of r e s i d u e  which appeared 
t o  b e  polymeric i n  n a t u r e .  None o f  t h e  d e s i r e d  epoxide was i s o l a t e d .  

An exothermic r e a c t i o n  ensued,  which caused a g r e a t  d e a l  of  
Only 



a, 
c 
a, 

rl 
I 
(d 
U 
E - 
a, a 
0 
Ll 
0 
3 

115 



23. P r e p a r a t i o n  of t h e  Monosodium S a l t  of Hexaf luoropentanedio l  

a .  U s i n g  Sodium Met hoxide 

of? r & 
HOCH2(CF2)3CH20H + Na OCH3 ___) HOCH2(CF2)3CH20 Na + CH30H 

Procedure 1. I n  Benzene. - Hexaf luoropentanedio l  (120.0 g ,  0.59 mole) , 
sodium methoxide (27.0 g ,  0 .50 mole) and 1250 m l  of benzene were mixed and 
t h e  s t i r r e d  s l u r r y  d i s t i l l e d .  Approximately 500 m l  of d i s t i l l a t e  (bp 78.4'- 
79.8"C) was c o l l e c t e d .  The amount of methanol i n  t h e  d i s t i l l a t e  was only  
0.103 mole (20.6% of t h e o r e t i c a l ) .  The s l u r r y  was cooled  t o  0°C w i t h  an  i c e  
b a t h  and t h e  s o l i d s  f i l t e r e d  o f f  and washed w i t h  t h r e e  250-ml p o r t i o n s  of 
e t h e r .  The white  c r y s t a l l i n e  m a t e r i a l ,  i n s o l u b l e  i n  e t h e r ,  was d r i e d  i n  a 
vacuum oven a t  60°C overn ight  , y i e l d i n g  122.0 g of s a l t .  The e q u i v a l e n t  
weight was 264+2 ( t h e o r e t  i c a  1 234).  

Ana l y s  i s  : 
% C  % H  % F  % N a  - - - -  

c a l c u l a t e d  f o r  C5H5F602Na: 25.6 2.14 48 .8  9.8 

Found: 25.1 2.64 45.7 8 .9  

A s m a l l  p o r t i o n  of t h e  s o l i d  m a t e r i a l  (3 g )  was p laced  i n  a t e s t  t u b e  
and hea ted  i n  an o i l  b a t h .  When t h e  t e m p e r a t u r e  reached 190'C, a v i o l e n t  
exotherm took p l a c e  w i t h  consequent c h a r r i n g  of t h e  m a t e r i a l  and t h e  e v o l u t i o n  
of gaseous decomposi t ion p r o d u c t s .  The i n f r a r e d  spec t rum of t h e  vapors  which 
had condensed on t h e  t e s t  t u b e  w a l l s  and which s u b s e q u e n t l y  c r y s t a l l i z e d  showed 
t h e  m a t e r i a l  t o  b e  h e x a f l u o r o p e n t a n e d i o l .  

Procedure 2 .  I n  Xylene. - Hexaf luoropentanedio l  (250.0 g ,  1.18 mole) ,  
sodium methoxide (54.0 g, 1.0 mole) and 1.3 l i t e r s  of x y l e n e  were mixed. The 
mixture was heated and a - d i s t i l l a t e  began coming over  a t  7 O o C .  The d i s t i l l a t e  
was p e r i o d i c a l l y  examined by i n f r a r e d  s p e c t r o s c o p y  f o r  -OH a b s o r p t i o n .  A 
t o t a l  of 500 ml was c o l l e c t e d  a t  which t i m e  t h e  head tempera ture  had reached 
136.5"C and t h e  d i s t i l l a t e  showed no more hydroxyl  c o n t e n t .  The r e s i d u a l  
m i x t u r e  g r a d u a l l y  darkened and th ickened  w i t h  i n c r e a s i n g  tempera ture  and , a t  
t h e  t e r m i n a t i o n  o f  t h e  d i s t i l l a t i o n ,  was a n  almost b l a c k  v i s c o u s  s l u d g e .  The 
d a r k  brown s o l i d s  were f i l t e r e d  o f f  w i t h  d i f f i c u l t y ,  washed w i t h  e t h e r ,  and 
d r i e d  i n  a vacuum oven a t  130°C. A f t e r  % hour i n  t h e  oven t h e  m a t e r i a l  began 
decomposing i n  t h e  same f a s h i o n  a s  mentioned above (Procedure A).  The re -  
maining char red  m a t e r i a l  was d i s c a r d e d .  

Procedure 3 .  I n  Dioxane. - Sodium methoxide (27.0 g ,  0.59 mole) 
was s l o w l y  added t o  methanol  (250 ml) a t  O O C .  The r e s u l t i n g  v i s c o u s  sodium 
methoxide s o l u t i o n  was added over  a 1-hour p e r i o d  through an  a d d i t i o n  f u n n e l ,  
t o  a s t i r r e d  s o l u t i o n  o f  h e x a f l u o r o p e n t a n e d i o l  (126 g ,  0.59 mole) d i s s o l v e d  
i n  d r i e d  dioxane (1000 m l ) .  The tempera ture  was r a i s e d  c o n c u r r e n t l y  w i t h  t h e  
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a d d i t i o n .  The s o l u t i o n  began darkening upon a d d i t i o n .  D i s t i l l a t e  began t o  
appear  a t  a head tempera ture  o f  64°C. D i s t i l l a t i o n  was cont inued  u n t i l  t h e  
head t e m p e r a t u r e  reached 101°C (50 ml of  d i s t i l l a t e  had been c o l l e c t e d  up 
t o  t h i s  t e m p e r a t u r e ) .  Upon c o o l i n g  t h e  d a r k  r e a c t i o n  m i x t u r e  t o  room tempera- 
t u r e  a s e m i f l u i d  g e l  was formed. Al iquots  of  t h e  g e l  could  n o t  b e  d i s s o l v e d  
i n  hexane o r  more d ioxane .  The remaining g e l  was poured i n t o  anhydrous e t h e r  
(2  l i t e r s )  and s t i r r e d  v i g o r o u s l y .  The s o l i d s  were allowed t o  s e t t l e  and t h e  
p a l e  t a n ,  s u p e r n a t a n t  l i q u i d  siphoned. The above e t h e r  e x t r a c t i o n  was r e p e a t e d  
e i g h t  t i m e s  w i t h  l - l i t e r  p o r t i o n s  of e t h e r .  The s o l i d s  were t h e n  f i l t e r e d  
and d r i e d  i n  a vacuum oven a t  room tempera ture  o v e r n i g h t .  The d r i e d  m a t e r i a l  
was of a dough- l ike  c o n s i s t e n c y .  I n  an e f f o r t  t o  produce a more c r y s t a l l i n e  
product  t h e  s o l i d  m a t e r i a l  was aga in  "scrubbed" w i t h  1 - l i t e r  p o r t i o n s  of e t h e r  
and s t i r r e d  w i t h  a "Hirschberg" s t i r r e r .  This  procedure  was r e p e a t e d  f o u r  
t i m e s  and t h e  s u s p e n s i o n  f i l t e r e d .  The s o l v e n t  was removed on a r o t a r y  
e v a p o r a t o r  y i e l d i n g  t h e  d e s i r e d  monosodium s a l t  a s  an amorphous powder which 
had a n e u t r a l i z a t i o n  e q u i v a l e n t  o f  234+0.5, ( t h e o r e t i c a l  234).  

Ana 1 ys i s  : % Na - - - - % C  % H  % F  

C a l c u l a t e d  f o r  C H F 0 Na: 25.6 2.14 48 .8  9.8 5 5 6 2  

Found: 25.32 2.12 46.2 10.55 

Procedure 4 .  I n  Ether .  - Sodium methoxide (59.2 g ,  0.50 mole) was 
added t o  200 ml of e t h e r  t o  form a f i n e l y  d i v i d e d  s u s p e n s i o n .  A s o l u t i o n  of 
h e x a f l u o r o p e n t a n e d i o l  (116.6 g ,  0.055 mole) d i s s o l v e d  i n  500 m l  of e t h e r  
was added t o  t h e  sodium methoxide suspens ion  over  a 2-hour p e r i o d .  The 
r e s u l t a n t  w h i t e  s o l i d  was f i l t e r e d ,  washed thoroughly  w i t h  e t h e r ,  and d r i e d  
i n  a vacuum oven a t  110°C f o r  24 hours. The weight  of  t h e  sodium s a l t  of 
h e x a f l u o r o p e n t a n e d i o l  was 98.3 g (85% y i e l d ) .  I t s  molecular  weight  was 232 
(determined by p o t e n t i o m e t r i c  n e u t r a i i z a c i o n  e q u i v a i e r i ~ j  <Ca;cuiair;, 23;;. 

I n  a l l  of t h e  above c a s e s ,  t h e  sodium salt  of hexaf:uoro?entanedic? 
was contaminated w i t h  v a r y i n g  amounts of sodium methoxide which could not  be 
removed. 

b .  Using Sodium 

P o r t i o n s  of h e x a f l u o r o p e n t a n e d i o l  were added t o  sodium m e t a l  i n  
r e f l u x i n g  d i - n - b u t y l  e t h e r .  It was n e c e s s a r y  t o  m a i n t a i n  r e f l u x  f o r  a 2-hour 
p e r i o d  t o  a c h i e v e  complete  d isappearance  of a l l  t h e  sodium m e t a l .  The sodium 
s a l t  was f i l t e r e d  and b o t t l e d  under n i t r o g e n .  

% F  % N a  - % C  % H  Analys is :  - - 
C a l c u l a t e d  f o r  C5H5F602Na: 25.6 2.14 48 .8  9.8 

Found: 25.26 2.67 48.32 9.57 
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24. P r e p a r a t i o n  of Chloropentafluoro~sopropy~-~-isocyanato-tetrafluoro- 
phenyl Carbamate 

I 
CF2C 1 

;F3 
H-C-OH + F A 

I 
CF2C 1 F NCO 

Chloropentafluoroisopropanol (2.8 g ,  0.015 mole) and t e t r a f l u o r o - r n -  
phenylene d i i s o c y a n a t e  (7 .0  g ,  0.030 mole) were mixed  and heated t o  60°C. 
p f t e r  3% hours a t  60"-80°C, t h e  OH peak had d i s a p p e a r e d  and a s t r o n g  u r e t h a n e  
peak had developed i n  t h e  i n f r a r e d  spectrum. 

25. P r e p a r a t i o n  of 2 , 3 , 3 , 3 - T e t r a f  luoropropene 

Zn 
CF -CF2-CH21 > CF3-CF=CH2 + ZnIF 3 

A Vigreaux column was f i x e d  a t o p  a condenser ,  r e s u l t i n g  i n  a t o t a l  ve r t i -  
c a l  column height  o f  150 cm.  The output  of  t h e  Vigreaux was f e d  i n t o  two 
t r a p s ,  i n  s e r i e s ,  cooled  w i t h  d r y  i ce  - a c e t o n e .  A s l u r r y  of z i n c  d u s t  
(21.2 g ,  0.325 mole) i n  300 m l  o f  g l a c i a l  a c e t i c  a c i d  was heated t o  r e f l u x  
tempera tures  and r e d i s t i l l e d  2,2,3,3,3-pentafluoropropyl i o d i d e  (62.0 g ,  
0.238 mole) was added over  a 2-hour p e r i o d .  Ref luxing  was c o n t i n u e d  f o r  
2 hours  a f t e r  t h e  a d d i t i o n .  
a s t a i n l e s s  s t e e l  c y l i n d e r  (under  vacuum). The y i e l d  o f  2 , 3 , 3 , 3 - t e t r a f l u o r o -  
propene was 24.9 g (92%). Vapor p r e s s u r e  chromatography showed t h e  product  
t o  b e  > 99% pure.  

The t r a p p e d  o l e f i n  product  was t r a n s f e r r e d  t o  

The i n f r a r e d  spec t rum i s  a t t a c h e d  a s  F i g u r e  34. 

26.  Attempted P r e p a r a t i o n  of 2,3,3,3-Tetrafluoro-1,2-epoxypropane 
0 - / \  

CH2 CF -CF=CH2 + O C 1  3 + + CF3COOOH 

+ Na OOH 
/ 

a .  Using Sodium Hypochlor i te  

Chlor ine  gas (0.5 mole) was bubbled i n t o  175 m l  of d i s t i l l e d  w a t e r .  
The r e s u l t i n g  s o l u t i m  was p a r t i a l l y  n e u t r a l i z e d  (pH 6.8) w i t h  d i l u t e  sodium 
hydroxide.  Analysis  f o r  OC1' i o n  showed a c o n c e n t r a t i o n  of 0.48 rnole/182 r n l  
s o l u t i o n .  
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A c e t o n i t r i l e  (150 ml) was cooled t o  -40°C and t h e  2 , 3 , 3 , 3 - t e t r a f l u o r o -  
propene (19.0 g ,  0.17 mole) was bubbled i n .  The s o l u t i o n  was allowed t o  warm 
t o  10°C. No r e f l u x i n g  was observed under t h e  d r y  i c e  - a c e t o n e  f i l l e d  Dewar 
condenser .  The h y p o c h l o r i t e  s o l u t i o n  was i n t r o d u c e d  dropwise  over a 15-minute 
p e r i o d .  Immediately upon a d d i t i o n ,  t h e  o l e f i n  began r e f l u x i n g .  The pH of 
t h e  s o l u t i o n  was c o n t i n u a l l y  monitored d u r i n g  a d d i t i o n  and a d j u s t e d  t o  a pH 
of  7 by t h e  a d d i t i o n  of d i l u t e  sodium hydroxide s o l u t i o n .  
m i x t u r e  was allowed t o  s t a n d  under r e f l u x  f o r  3 hours .  The gaseous m a t e r i a l s  
were d i s t i l l e d  o f f ,  t r a p p e d ,  and condensed i n t o  a s t a i n l e s s  s t e e l  bomb. None 
of  t h e  d e s i r e d  m a t e r i a l  was o b t a i n e d .  

The s t i r r e d  r e a c t i o n  

b .  Using P e r o x y t r i f  l u o r o a c e t i c  Acid 

T r i f l u o r o a c e t i c  a n h y d r i d e  (49.9 g ,  0.246 mole) was added t o  a suspen-  
s i o n  of 90% hydrogen p e r o x i d e  (5.52 m l ,  0.393 mole) i n  50 m l  of methylene 
c h l o r i d e  a t  0 ° C  over  a 20-minute p e r i o d .  S t i r r i n g  was c o n t i n u e d  i n  t h e  co ld  
f o r  f hour ,  d u r i n g  which t i m e  t h e  mixture  became homogeneous. 2 , 3 , 3 , 3 - T e t r a -  
f luoropropene  (18.1 g ,  0.316 mole) was condensed i n t o  a m i x t u r e  of disodium 
hydrogen phosphate  (117.0 g ,  0.43 mole) i n  methylene c h l o r i d e  (300 m l )  a t  
-50°C. 
The tempera ture  was main ta ined  between -35°C and -45°C d u r i n g  t h e  a d d i t i o n .  
This  tempera ture  was main ta ined  f o r  an  a d d i t i o n a l  3-hour p e r i o d .  The m i x t u r e  
was al lowed t o  come t o  room tempera ture  and t h e  v o l a t i l e  m a t e r i a l s  a l lowed 
t o  d i s t i l l  out of t h e  r e a c t i o n  m i x t u r e  and condense i n  d r y  i c e  - a c e t o n e  
cooled  t r a p s .  A f t e r  t h e  products  were t r a n s f e r r e d  t o  a s t a i n l e s s  s t e e l  bomb, 
t h e  v o l a t i l e  c o n s t i t u e n t s  were examined by i n f r a r e d  s p e c t r o s c o p y  and found 
t o  be unreac ted  s t a r t i n g  m a t e r i a l  w i t h  a s m a l l  percentage  of methylene 
c h l o r i d e  contaminat  i o n .  

The p e r o x y t r i f l u o r o a c e t i c  a c i d  s o l u t i o n  was added over  a 2-hour p e r i o d .  

c .  Using B a s i c  Hydrogen Peroxide  

Potassium hydroxide (28.0 g ,  0.50 mole) was d i s s o l v e d  i n  w a t e r  
(50 ml) and mixed w i t h  methanol (250 m l ) .  Hydrogen p e r o x i d e  s o l u t i o n  (30%, 
175 m l )  was added and t h e  s o l u t i o n  cooled  t o  -36°C w i t h  s t i r r i n g .  A s o f t  
s l u s h  was formed a t  t h i s  t e m p e r a t u r e .  2,3,3,3-Tetrafluoropropene (22.3 g ,  
0.196 mole) was condensed i n t o  t h e  c a u s t i c  s o l u t i o n  over  a 1%-hour p e r i o d .  
S t i r r i n g  was cont inued f o r  an  a d d i t i o n a l  2 hours  a t  -36°C t o  -40°C. The 
r e a c t i o n  mixture  was al lowed t o  warm t o  room t e m p e r a t u r e  and t h e  v o l a t i l e  
components (21.9 g) t rapped  and t r a n s f e r r e d  t o  a s t a i n l e s s  s t ee l  bomb. The 
m a t e r i a l  was i d e n t i f i e d  a s  s t a r t i n g  m a t e r i a l  by i n f r a r e d  spec t rophotometry  
and vapor  phase chromatography (98% r e c o v e r y ) .  

5 

27. Attempted P r e p a r a t i o n  of  3,3,3-Trifluoro-2-(trifluoromethyl)- 
1 , 2 - epoxypr opane 
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A d r y  s o l u t i o n  of  diazomethane (0.10 mole) i n  1320 m l  of d i e t h y l  e t h e r  
was prepared  from "Diazald .If A c o n s i d e r a b l e  excess  of hexaf luoroace tone  
(> 0.4 mole) was bubbled i n t o  t h e  e t h e r e a l  diazomethane s o l u t i o n  a t  10°C. 
The s o l u t i o n  was t h e n  held a t  approximately 15°C f o r  24 hours .  The e t h e r  was 
c a r e f u l l y  d i s t i l l e d  o f f  th rough a 120-cm, he l ices-packed  column. A f t e r  
r e p e a t e d  s e p a r a t i o n s  by means of p r e p a r a t i v e  gas  chromatography t h e  r e s i d u a l  
m a t e r i a l  was determined t o  be composed of t h e  v a r i o u s  hydra ted  s p e c i e s  of 
hexaf luoroace tone .  None of t h e  d e s i r e d  epoxide was o b t a i n e d .  

28. P r e p a r a t i o n  of Perfluoro-lY2-epoxypropane 

0 
\ > .  [ 01 

2 CF3CF=CF 

Water (90 m l )  and potass ium hydroxide (50.4 g ,  0.9 mole) were mixed. 
Methanol (450 ml) was t h e n  added and t h e  s o l u t i o n  cooled  t o  -40°C. 
p e r o x i d e  (295 m l  o f  30%) was added, t h e n  p e r f l u o r o p r o p y l e n e  (72.0 g,O.48 mole) 
was condensed i n t o  t h e  s o l u t i o n .  The m i x t u r e  was s t i r r e d  f o r  1% hours a t  
-4O"C, t h e n  i t  was warmed t o  -25°C and t h e  o f f - g a s e s  c o l l e c t e d .  Based on 
t h e  i n f r a r e d  spec t rum,  t h e  product  (10.0 g) was a n  approximately equimolar 
m i x t u r e  of t h e  o l e f i n  and t h e  epoxide.  

Hydrogen 

29. P r e p a r a t i o n  of  P e r f l u o r o g l u t a r y l  F l u o r i d e  

0 0 
I1 1 

C1-C-  (CF2)3-C-C1 

P e r f l u o r o g l u t a r y l  
sodium f l u o r i d e  (101.0 
18-minute p e r i o d .  The 

p H 2  + NaF + CH2 

'cn 

c h l o r i d e  (166.0 g ,  0.6 mole) was added t o  a s l u r r y  of 
g ,  2.4 mole) i n  s u l f o l a n e  (270 ml) a t  40°C over  a n  
s l u r r y  was mixed a t  40"-60°C f o r  1% hours ,  fol lowed 

by 2% hours a t  60"-90°C. The products  were t h e n  d i s t i l l e d  from t h e  s l u r r y  and 
f r a c t i o n a t e d .  Analys is  showing t h e  absence  of c h l o r i d e  and t h e  i n f r a r e d  spectrum 
i n d i c a t e d  t h a t  t h e  main p r o d u c t ,  bp 45.5"-47"CY was t h e  d e s i r e d  d i a c i d  f l u o r i d e ,  
The i n f r a r e d  spectrum is shown a s  F igure  35. 

30. Attempted P r e p a r a t i o n  of Perfluoro-2,10-dimethyl-3,9-dioxaundecenedioy1 
F l u o r  i d  e 

0 

i F 3  11 0 CF3 
11 I 

F-C-CF-O-(CF2)3-O- F-C-F 

0 0 
/ \  It 

CF3CF-CF2 + F-C-(CF2)3-C-F 
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Crude pe r f luo ropropy lene  ox ide  (12.3 g ,  0.074 mole ) ,  cesium f l u o r i d e  

The 
(1.1 g ) ,  p e r f l u o r o g l u t a r y l  f l u o r i d e  (9 .1  g ,  0.0373 mole) and t e t r a g l y m e  
(11 m l )  were charged t o  a s t e e l  bomb a t  l i q u i d  n i t r o g e n  t empera tu re .  
bomb was pe rmi t t ed  t o  warm up t o  room tempera tu re  and l e f t  a t  room t empera tu re  
o v e r n i g h t .  The r e s i d u e  was then  f r a c t i o n a t e d .  None of t h e  d e s i r e d  product  
was i s o l a t e d .  

31. P r e p a r a t i o n  of N,N'-Di-pentafluorophenyl-perf l uo rog lu ta ramide  

O H  O H  
0 ,o 

C -  (CF2)3-C 
4' benzene ~ 

60°C ' 
\ 
/ 

F F 'c 1 

2 + 
F 

P e r f l u o r o g l u t a r y l  c h l o r i d e  (22.8 g ,  0.0822 mole) was added t o  a s o l u t i o n  

The r e a c t i o n  was fol lowed t o  comple t ion  
of p e n t a f l u o r o a n i l i n e  (30.0 g ,  0.164 mole) i n  350 m l  of benzene a t  60°C 
over  a 45-minute pe r iod  w i t h  mixing.  
by t i t r a t i n g  t h e  h y d r o c h l o r i c  a c i d  i n  t h e  t r a p .  F i l t r a t i o n  y i e l d e d  41 .5  g 
(89% y i e l d )  of t h e  d e s i r e d  p r o d u c t ,  mp 197"-198"C. 

Ana lys i s  : 

Calcu la t ed  f o r  C17H2F16N202: 35.8 0.33 53.4 4.9 

Found: 34.4 0.50 52.4 4 .9  

g lu t a ramide  
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Tetrahydrofuran  (THF) was d r i e d  w i t h  f r e s h l y  c u t  sodium and 150 m l  
of t h i s  THF w a s  added t o  a 500 m l  f l a s k  p r e v i o u s l y  purged w i t h  d r y  n i t r o g e n .  
Powdered LAH (1.9 g ,  0.05 mole) was added t o  t h e  THF w i t h  s t i r r i n g .  N , N ' -  
Di-pentafluorophenyl-perfluoroglutaramide (11 .4  g ,  0.02 mole) i n  100 m l  of 
d r y  THF was added dropwise t o  t h e  s t i r r e d  s u s p e n s i o n  over  a per iod  of 2 hours .  
A f t e r  a d d i t i o n  was comple te ,  h e a t  was a p p l i e d  and THF allowed t o  r e f l u x  f o r  
3 hours .  Af te r  c o o l i n g ,  10 m l  of water  was added t o  decompose t h e  excess  LAH. 
The gray  i n o r g a n i c  s o l i d s  were f i l t e r e d  o f f ;  t h e  c l e a r  ye l low f i l t r a t e  was 
f i r s t  d r i e d  over anhydrous magnesium s u l f a t e  and t h e n  evapora ted  t o  d r y n e s s  
l e a v i n g  a n  orange s o l i d .  This  m a t e r i a l  was i d e n t i f i e d  by i t s  i n f r a r e d  spec t rum 
and m e l t i n g  poin t  a s  unreac ted  N,N'-di-pentafluorophenyl-perfluoroglutaramide. 
Recovery o f  t h i s  s t a r t i n g  diamine was 94%. 

The above r e a c t i o n  was r e p e a t e d  i d e n t i c a l l y  a s  above,  except  t h a t  
t h e  r e f l u x  per iod was i n c r e a s e d  t o  44 hours .  Unreacted N,N' -d i -pentaf luoro-  
phenyl-perf  luoroglu taramide  was recovered  i n  87% . y i e l d .  

b .  Method 2 .  Attempted R e a c t i o n  of Hexafluoropentamet hylene 
D i t o s y l a t  e w i t h  Penta  f l u o r o a n i l i n e  

0 0 F F  
\ /  

0 0 F F  

Hexafluoropentamethylene-l,5-ditosylate (16.7 g ,  0.0323 mole) and 
p e n t a f l u o r o a n i l i n e  (11.8 g ,  0.0645 mole) were r e f l u x e d  f o r  65 h o u r s .  A f t e r  
c o o l i n g ,  t h e  mixture  was poured i n t o  600 m l  of d i s t i l l e d  w a t e r .  
d i s c o l o r e d  f l u f f y  p r e c i p i t a t e  formed. The s o l i d s  were f i l t e r e d  o f f  and 
d r i e d  (16.8 g ) .  
spec t rum and mel t ing  p o i n t  (95.5O-96.5"C) were i d e n t i c a l  w i t h  t h e  s t a r t i n g  
d i t o s y l a t e .  None of t h e  d e s i r e d  diamine was o b t a i n e d .  

A s l i g h t l y  

R e c r y s t a l l i z a t i o n  from e t h a n o l  gave a w h i t e  powder whose 

3 3 .  Attempted Dehydrof luor ina t ion  of Viton LM 

, 
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V i t o n  LM (20.0 g ) ,  sodium hydroxide ( 4 . 0  g ,  0 . 1  mole) and 30 m l  of  DMF 
were mixed a t  100°C d u r i n g  which o p e r a t i o n  t h e  s o l u t i o n  tu rned  b l a c k .  There 
was no d e h y d r o f l u o r i n a t i o n .  

V i t o n  LM (10.0 g) and 30 m l  o f  t r i b u t y l a m i n e  were mixed f o r  1 hour a t  
160"-17O"C, fol lowed by 18 hours  a t  120"-140°C. The i n f r a r e d  spec t rum i n d i -  
c a t e d  t h a t  t h e r e  was no r e a c t i o n .  
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V. CONCLUSIONS 

LOX C ompa t i b  i 1 i t  y 

Specimen t h i c k n e s s  seems t o  be  wi thou t  e f f e c t  on t h e  LOX s e n s i t i v i t y  
of t h o s e  f l u o r i n a t e d  polyure thanes  t h a t  a r e  t r u l y  LOX compat ib le .  

Urethane l i nkages  f lanked  on t h e  a l c o h o l  s i d e  by a 1 , l - d i h y d r o p e r f l u o r o -  
a l k y l  c h a i n  a r e  LOX compat ib le  i f  t h e  n i t r o g e n  i s  a l s o  a t t a c h e d  t o  a 1, l-  
d i h y d r o p e r f l u o r o a l k y l  c h a i n ,  but  LOX incompa t ib l e  i f  a t t a c h e d  t o  a n o n f l u o r i n a t e d  
a l k y l  cha in  or a benzyl  methylene group.  

Polymers c o n t a i n i n g  ca rbona te  l i nkages  a r e  LOX incompa t ib l e .  

Po lyes t e r s  i n  which t h e  a c i d  p o r t i o n  is a n o n f l u o r i n a t e d  a romat i c  a c i d  
a r e  LOX incompat ib le .  

A p a r t i a l l y  f l u o r i n a t e d  p o l y e t h e r ,  p repared  from c h l o r o p e n t a f l u o r o -  
i s o p r o p y l  a l c o h o l ,  i s  LOX compa t ib l e .  

P r o p e r t i e s  of M a t e r i a l s  I n v e s t i g a t e d  

The polyure thane  prepared by r e a c t i o n  o f  t h e  p o l y e t h e r  of c h l o r p e n t a -  
f l u o r o i s o p r o p y l  a l c o h o l  w i t h  te t ra f luoro-m-phenylene  d i i s o c y a n a t e  shows 
promise of be ing  developed i n t o  a u s a b l e  adhes ive  system. 

Reac t ions  of hexafluoropentamethylene b i sch lo ro fo rma t  e o r  t e t r a f l u o r o -  
p-phenylene b i sch lo ro fo rma te  w i t h  a s h o r t  c h a i n  f l u o r i n a t e d  d i amine ,  such  a s  
hexafluoro-l,5-pentanediamine, f a i l e d  t o  p rov ide  adhes ive  systems because 
t h e  r e s u l t i n g  polyure thanes  a r e  b r i t t l e .  

The polyure thane  from t e t r a c h l o r o - p - x y l y l e n e  d i i s o c y a n a t e  and hexa f luo ro -  
pen taned io l  i s  a l s o  t o o  b r i t t l e  t o  be  u s a b l e  a s  an  adhes ive .  

Prepolymers c o n t a i n i n g  p-hydroxy-tetrafluorophenoxy end groups a r e  
u n s u i t a b l e  f o r  p r e p a r a t i o n  of po lyure thanes  because  o f  i n e r t n e s s  w i t h  
f l u o r i n a t e d  d i i s o c y a n a t e s .  

The mixed a l i p h a t i c - a r o m a t i c  po lyca rbona te ,  po ly(hexaf1uoropenta-  
methylene t e t r a f luo ro -p -pheny lene  ca rbona te )  was a t o u g h e r ,  more u s a b l e  
polymer t h a n  i t s  a l l - a l i p h a t  i c  ana logue ,  po ly  (hexaf luoropentamet  hylene  
c a r b o n a t e ) ,  but  i t  was less t h e r m a l l y  s t a b l e .  

Po l  ye t  he r s  o f  hexa f l u o r  obenzene and hexa f l uo ropen ta  ned i o 1  show. promis e 
of be ing  converted t o  useab le  hydroxyl - te rmina ted  prepolymers .  

The r e a c t i o n  of po lycarbonates  w i t h  s u l f u r  t e t r a f l u o r i d e  seems t o  be 
a promising new method of  p repa r ing  h i g h l y  f l u o r i n a t e d  p o l y e t h e r s .  
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Tetraf luoro-m-phenylene  d i i s o c y a n a t e  is a more u s e f u l  d i i s o c y a n a t e  than  
i t s  pa ra  isomer because i t  i s  a l i q u i d  and provides  e a s i e r  p r o c e s s a b i l i t y .  

1,5-Diiodohexa f luo ropen tane  , l i k e  t h e  d i - p - t  o luenesu l fona  t e of hexa - 
f l u o r o p e n t a n e d i o l ,  i s  v e r y  u n r e a c t i v e  toward n u c l e o p h i l e s .  

The pu re  monosodium s a l t  o f  hexa f luo ropen taned io l  cannot  be  prepared  
u s i n g  sodium methoxide.  
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VI. RECOMMENDATIONS FOR FUTURE WORK 

Work should c o n t i n u e  on t h e  p r e p a r a t i o n  of  po lyu re thanes  from t h r e e  types  
of  d i o l s .  Considered t o  be  t h e  most promising d i o l s  a r e  h i g h l y  f l u o r i n a t e d  
p o l y e t h e r s  , f l u o r i n a t e d  d i o l s  w i t h  c o n s i d e r a b l y  longer  c h a i n s  , and t h e  hydroxyl- 
t e rmina ted  p o l y e s t e r s  o f  cy ,cy ,CY ,CY' -t etrahydro-perfluoro-dicarboxylic a c i d s .  

Because t h e  LOX s e n s i t i v i t y  o f  poly(hexafluoropentamethy1ene t e t r a f l u o r o -  
p-phenylene e t h e r )  samples i s  b e l i e v e d  t o  be  due t o  t r apped  s o l v e n t ,  t h i s  
p o l y e t h e r  should be prepared  and t e s t e d  a g a i n  w i t h  s p e c i a l  c a r e  be ing  t aken  
t o  e l i m i n a t e  a l l  t r a c e s  of  s o l v e n t .  

Work should c o n t i n u e  on t h e  p r e p a r a t i o n  of  comple t e ly  hydroxyl - te rmina ted  
prepolymers  of  t h i s  t ype  and t h e  p r e p a r a t i o n  of f l e x i b l e  po lyu re thanes  from 
t h e s e  prepolymers .  

Because t h e  h igh  molecular  weight  p o l y e t h e r  of c h l o r o p e n t a f l u o r o i s o -  
p ropy l  a l c o h o l  i s  LOX compa t ib l e ,  e f f o r t s  should  c o n t i n u e  t o  p r e p a r e  a f a i r l y  
long c h a i n  prepolymer and f l e x i b l e  po lyu re thanes  based on t h i s  prepolymer . 

I n i t i a l  i n d i c a t i o n s  a r e  t h a t  f l u o r o a l k y l  po lyca rbona te s  r e a c t  w i t h  
s u l f u r  t e t r a f l u o r i d e  t o  y i e l d  p o l y e t h e r s ;  t h e  s t u d y  of t h i s  r e a c t i o n  should  
be  con t inued .  I n  a d d i t i o n ,  t h i s  s u l f u r  t e t r a f l u o r i d e  r e a c t i o n  should  be  
extended t o  o t h e r  polymers, s u c h  a s  poly(hexafluoropentamethy1ene p e r f l u o r o -  
g l u t a r a t e ,  which would y i e l d  h i g h l y  f l u o r i n a t e d  p o l y e t h e r s .  

The polyure thanes  prepared  from hexa f luo ropen taned io l  a r e  LOX compa t ib l e ,  
bu t  a r e  b r i t t l e  s o l i d s .  The re fo re ,  f l u o r i n a t e d  d i o l s  , w i t h  c o n s i d e r a b l y  
longer  c h a i n s  should be  prepared  f o r  u s e  i n  t h e  p r e p a r a t i o n s  of  f l e x i b l e  
po lyu re thanes .  

P o l y e s t e r s  o f  f l u o r i n a t e d  d i o l s  and p e r f l u o r i n a t e d  a c i d s ,  a l t h o u g h  
h y d r o l y t i c a l l y  u n s t a b l e  , a r e  LOX compa t ib l e .  Theref  o r e  , hydroxyl - t  ermina t e d  
po lyes  t er s of CY ,CY ,CY ,cy ' - t e t r a  hydroper f l u o r  o-d i c a r b o x y l i c  a c i d s  should  be  p r  e- 
pared f o r  s y n t h e s i s  of  po lyu re thanes .  

E f f o r t s  should b e  d i r e c t e d  toward t h e  development of t h e  most promising 
polymer i n t o  a LOX-compatible adhes ive  sys tem.  
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